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Scheme 69 
Method 
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Scheme 70 iflustrates the preparation of an aryHinked phosphonate ester 70.4 by means of a 
pallaclitim(0) or pa]ladiuHi(II) catalyzed coupling reaction between a bromobenzene and a 
phenylboronic acid, as described in Comprehensive Organic Transformations, by R. C. Larock, 
VCH, 1989, p. 57- The sulfur-substituted phenylboronic acid 70.1 is obtained by means of a 
metallation-boronation sequence applied to a protected bromo-substituted tbiophenol, for 
exan5)le as described in J. Org. Chem., 49, 5237, 1984. A coupling reaction then affords the 
diaryl product 703 which is deprotected to yield the thiol 70.4. 

For exan^le, protection of 4-bromothiophenol by reaction with tert-butylcMorodinoethylsilane, 
in the presence of a base such as imidazole, as described in Protective Groups in Organic 
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Synthesis, by T. W. Greene and P.GAl Wuts, Wiley, 1991, p. 297, followed by metalktion 
with butyllithium and boronation, as described in J. Qrganomet ChenL, 1999, 581, 82, afTords 
the boronate Ibis material is reacted with a dialkyl 4-hromopheny]^hosphonate 70.6, the 
preparation of which is described in J. ChenL Soc., Perldn Trans., 1977, 2, 789, in the 
presence of tetrakis(tripheny]^hosphine) palladium (0) and an inorganic base such as sodium 
carbonate, to afford the coupled product 70.7. Deprotection, for exan5)le by the use of 
tetrabutylammonium fluoride in anhydrous tetrahydro&ran, then yields the thiol 70.8. 
Using the above procedures, but en^loying, in place of the boronate 70.5, diffident boronates 
70.1, and/or different phosphonates 70.2, there are obtaiaed the corresponding products 70.4. 

Scheme 71 depicts the preparation of dialkyl phosphonates in which the phosphonate moiety is 
linked to the thiophenyl group by means of a chain which iocorporates an aromatic or 
heteroaromatic ring. In this procedure, a suitably protected O, S or N-substituted thiophenol 
71.1 is reacted with a dialkyl bromomethyl-substituted aryl or heteroarylphosphonate 71.2, 
prepared, for example, by n^ans of an Arbuzov reaction between equimolar amounts of a 
bis(hromo-methyl) substituted aromatic con^und and a trialkyl phosphite. The reaction 
product 713 is then deprotected to afford the thiol 71.4. For exaniple, 1,4-dimercaptobenzene 
is conv^ed into the monob^izoyl ester 71.5 by reaction with one noolar equivalent of benzoyl 
chloride, in the presence of a base such as pyridine. The monoprotected thiol 71.5 is then 
reacted with a dialkyl 4-(hromomethyl)pheny]^hosphonate, 71.6, the preparation of which is 
described in Tetrahedron, 1998, 54, 9341. The reaction is conducted in a solvent such as 
dimethylformamide, in the presence of a base such as potassium carbonate, at about SO*". The 
thioether product 71.7 thus obtained is deprotected, as described above, to afford the thiol 
71.8. 

* 

Using the above procedures, but en5>loying, in place of the thiophenol 71.5, different phenols, 
thiophenols or amines 71.1, and/or different phosphonates 71.2, there are obtained the 
corresponding products 71.4. 

Scheme 72 illustrates the preparation of phosphonate-containing thiophenols in which the 
attached phosphonate chain forms a ring with the thiophenol moiety. 

In this procedure, a suitably protected thiophenol 72.1, for exan^le an indoline (in which X-Y 
is (CH2)2), an indole (X-Y is CH=CH) or a tetrahydroquinohne (X-Y is (012)3) is reacted 
with a dialkyl trifluoromethanesulfonyloxymethyl phosphonate 72.2, in the presence of an 
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10 



15 



20 



organic or inorgamc base, in a polar aprotic solvent such as, for example, dimethylfonnamide, 
to afford the phosphonate ester 72.3. Deprotection, as described above, then affords the thiol 
72.4. The preparation of thio-substituted indolines is described in EP 209751. Tfaio-substituted 
indoles, indolines and tetrahydroquinoHnes can also be obtained from the corresponding 
hydroxy-substituted compounds, for exanople by thermal rearrangement of the 
dimethylthiocarbamoyl esters, as described in J. Org. Clem., 31, 3980, 1966. The preparation 
of hydroxy-substituted indoles is described in Syn., 1994, 10, 1018; preparation of hydroxy- 
substituted indolines is described in Tet Lett., 1986, 27, 4565, and the preparation of 
hydroxy-substituted tetrahydroquinolines is described in J. Het. Oictl, 1991, 28, 1517, and in 
J. Med. Chem., 1979, 22, 599. Thio-substituted indoles, indolines and tetrahydroquinoHnes 
can also be obtained from the corresponding amino and bromo conq)ounds, respectively by 
diazotization, as described in Sulfur Letters, 2000, 24, 123, or by reaction of the derived 
organolithium or magnesium derivative with sulfur, as described in Comprehensive Organic 
Functional Group Preparations, A. R. Katritzky et al, eds, Pergamon, 1995, VoL 2, p 707. 
For example, 2,3-dihydro-lH-indole-5-thiol, 72.5, the preparation of which is described in EP 
209751, is converted into the benzoyl ester 72,6, as described above, and the ester is then 
reacted with the trifluoromethanesulfonate 72.7, in a polar organic solvent such as 
dimethylformamide, in the presence of a base such as potassium carbonate, to yield the 
phosphonate 72.8. Deprotection, for exan[q>le by reaction with dilute aqueous anomonia, as 
described above, then affords the thiol 72.9. 

Using the above procedures, but ex^ployiog, in place of the thiol 72.5, difierent thiols 72.1, 
and/or different triflates 72.2, there are obtained the corresponding products 72.4. 
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Scheme 70 



Method 
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Scheme 71 
Method 
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Preparatton of phosphonate-containing analogs of isobotylaniine 10.2. 
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Schemes 73 - 75 iDustrate the preparation of the phosplK>nate-contaimng analogs of 
isobutylamine which are eniployed in the preparation of the phosphonate esters 2. 

Scheme 73 depicts the preparation of phosphonates which are attached to the isobutylamine 
by means of an amide linkage. In this procedure, an aminoacid 73.1 is protected to afford the 
product 73 Jt. The protection of amino groups is described in Protective Groups in Organic 
Synthesis, by T.W. Greene and P.GJM Wuts, Wiley, Second Edition 1990, 309. Amino groups 
are protected, for example, by conversion into carbamates such as the tert. butoxycarbamate 
(BOQ derivative, or by reaction with phthalic anhydride to afford the phthalimido (phth) 
derivative. The amine-protected aminoacid 73*2 is then coupled with a dialkyl aminoalkyl 
phosphonate 733, to yield the amide 73.4. The preparation of amides from carboxylic acids 
and derivatives is described, for exanspk, in Organic Functional Group Preparations, by 
S.R.Sandler and W. Karo, Academic Press, 1968, p. 274, and Comprehensive Organic 
Transformations, by R. C Larock, VCH, 1989, p. 972fiE The carboxylic add is reacted with 
the amine in the presence of an activating agent, such as, for example, 
dicyclohexylcarbodiimide or diisopropylcarbodiimide, optionally in the presence of, for 
example, hydroxybenztriazole, N-hydroxysuccinimide or N-hydroxypyridone, in a non-protic 
solvent such as, for example, pyridine, DMF or dicUoromethane, to aflford the amide. 
Alternatively, the carboxylic acid may first be converted into an activated derivative such as 
the acid chloride, anhydride, mixed anhydride, imidazolide and the like, and then reacted with 
the amine, in the presence of an organic base such as, for exan5>le, pyridine, to afford the 
amide. The protecting group is then removed to afford the amine 73*5. Deprotection of amines 
is described in Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, 
Wiley, Second Edition 1990, p 309ff. For example, BOG groups are removed by treatment 
with acids such as trifluoroacetic acid, and phthalimido groups are removed by reaction with 
hydrazine hydrate. 

For example, 2-methyl-4-aminobutyric acid 73.6 (Acros) is reacted with phthalic anhydride in 
refluxiug toluene, as described in Protective Groups in Organic Synthesis, by T.W. Greene and 
P.GM Wuts, Wiley, Second Edition 1990, p 358, to gbe the phthalimido derivative 73,7. The 
product is coupled with a dialkyl aminoethyl phosphonate 73,8, the preparation of which is 
described in J. Org. Chem., 2000, 65, 676, 
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in the ptesence of dicyclohexyl carbodiimide, to give the airride 73.9. The protecting group is 
removed by reaction of the product with ethanolic hydrazine at aoibient temperature, as 
described in Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, 
Second Edition 1990, p 358, to afford the amine 73.10. 
5 Using the above procedures, but enq>loying, in place of the acid 73.6, different adds 73.1, 
and/or different amines 733, the corresponding amides 73.5 are obtained. 

Scheme 74 depicts the preparation of isobutylamine phosphonates in v^hich the phosphonate is 
attached by means of an aromatic ring. In this procedure, 2-methyl-but-3-enylainine 74.1, 

10 prepared as described in Org. Prep. Proc. Int. 1976, 8, 75, is coupled, in the presence of a 
palladium catalyst, as described above (Schenoe 50) with a dialkyl bronK>phenyl phosphonate 
74.2 to afford the olefinic product 743. Optionally, the product is reduced to afford the 
saturated analog 74.4. The reduction is effected catalytically, for exanq>le by the use of a 
palladium catalyst, or chemically, for exan^le by the use of diimide. 

15 For exanq>le, the amine 74.1 is coupled with a dialkyl 4~bromophenyl phosphonate 74.5, 
prepared as described in J. Organomet. Chem., 1999, 581, 62, to yield the product 74.6* 
Catalytic hydrogenation in ethanol, using a 5% palladiunci catalyst, then affords the saturated 
compound 74.7. 

Using the above procedures, but employing, in place of the phosphonate 74.5, different 
20 phosphonates 74.2 the corresponding products 743 and 74.4 are obtained. 



Scheme 75 illustrates the preparation of isobutylamine phosphonates in which the phosphonate 
group is attached by means of an alkylene chain. In this procedure, a bromoamine 75.1 is 
protected, as described in Scheme 73, to afford the derivative 75.2. The product is then 

25 reacted with a trialkyl phosphite 75.3, in an Arbuzov reaction, as described in Scheme 65, to 
give the phosphonate 75.4. Deprotection then affords the amine 75.5. 
For exan5)le, 4-bromD-2-methyl-butylamine 75.6, prepared as described in Tet., 1998, 54, 
2365, is converted, as described above, into the phthaUmido derivative 75.7. The product is 
then heated at 1 10** with a trialkyl phosphite 75.3 to yield the phosphonate 75.8, which upon 

30 reaction with ethanolic hydrazine affords the amine 75.9. 

Using the above procedures, but ^aq>loying, in place of the bromide 75.6, different bromides 
75.1, and/or different phosphites 753, the corresponding products 75.5 are obtained. 
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Scheme 72 
Method 



^^^Gc'^'' ^ Q^"ptQ>i p"'>^ ^^^-Oc''>^ - "^"OC^ 



Y ^^>i5^Y 
72.1 72.3 72.4 



X-Y=(CH2)2.3;OH=CH 
Example 



H ^P(0)(0R^)2 ^P(0)(0R')2 

-j-^V^v ,..-^!v-NTOCH2P(0)(OR^)2^x^ fT^-^v 

72.6 72.8 72.9 



Scheme 73 
Method 
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S^eme 74 
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Scheme 75 
Method 
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Preparation of Qrclopentylmethylamine phosphonates. 



Schemes 76 - 78 iDustrate the preparation of cyclopentylmethylamme phosphonates which are 
employed, as shown in Schemes 10 - 12, in the preparation of the phosphonate esters 3. 

Scheme 76 depicts the preparation of phosphonates attached to the cyclopentyl ring either 
10 directly or by means of an alkoxy link. In this procedure, a hydroxy-substituted 
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cyclopentylmethylamine 76.1 is protected, and the protected derivative 76.2 is converted into 
the corresponding bromide 763, for example by treatment with carbon tetrabromide and 
tr5)henyl phosphine as described in Scheme 59. The hromo confound is then reacted with a 
trialkyl phosphite 76.4 in an Aibuzov reaction, as described above, to ajfford the phosphonate 
5 76.5 which is then deprotected to give the amine 76.6. Altemativety, the protected amine 76JJ 
is reacted with a dialkyl bromoaDsyl phosphonate 76.7 to give the ether 76.8. The alkylation 
reaction is conducted at ca 100** in a polar organic soh^ent such as dimethylformamide in the 
presence of a base such as sodium hydride or hthium hexamethyl disitylazide. The product is 
then deprotected to give the amine 76.9. 

10 For exanq)le, 3-aminomethyl-cyclopentanol 76.10, prepared as described in Tet., 1999, 55, 
10815, is conv^ed, as described above, into the phthalimido derivative 76.11. The product is 
then converted, as described above, into the bromo analog 76.12. The latter confound is 
reacted at ca 120** with a trialkyl phosphite 76.4 to afford the phosphonate 76.13, which upon 
deprotection by reaction with hydrazine yields the amine 76.14. 

15 Using the above procedures, but employing, in place of the bromide 76.12, different bromide^ 
763, and/or different phosphites 76.4, the corresponding products 76.6 are obtained. 
Alternatively, 2-aminomethyl-cyclopentanol 76.15, prepared as described in Tet, 1999, 55, 
10815, is converted into the phthalimido derivative 76.16. The product is then reacted in 
dimethylformamide solution with an equimolar amount of a dialkyl bromopropyl phosphonate 

20 76.17, prepared as described in J. Am. Chem. Soc., 2000, 122, 1554, and sodium hydride, to 
give the ether 76.18. Deprotection, as described above, then affords the amine 76.19. 
Using the above procedures, but enq)loying, in place of the carbinol 76.15, different carbinols 
76.1, and/or different phosphonates 76.7, the corresponding products 76.9 are obtaiaed. 

25 Scheme 77 illustrates the preparation of cyclopentyhnethylamines in which the phosphonate 
group is attached by means of an amide group. In this procedure, a carfooxyalkyl-substituted 
cyclopentylmethylamine 77.1 is protected to afford the derivative 77.2. The product is then 
coupled, as described above, (Scheme 1) with a dialkyl aminoalkyl phosphonate 773 to yield 
the amide 77.4. Deprotection then affords the amine 77.5. 

30 For exanq>le, 3-aminomethyl-cyclopentanecarboxylic acid 77.6 prepared as described in J. 

ChenL Soc. Perkin 2, 1995, 1381, is convated into the BOC derivative 77.7, by reaction with 
BOC anhydride in aqueous sodium hydroxide, as described in Proc. Nat. Acad. Sci, 69, 730, 
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1972. The product is then coupled, in the presence of dicyclohexyl carbodiimide, with a dialkyi 
aminopropyl phosphonate 77.8 to produce the aniide 77.9. Removal of the BOC group, for 
example by treatment with hydrogen chloride in ethyl acetate, then affords the amine 77.10. 
Using the above procedures, but en5)loying, in place of the carboxyKc acid 77.6, different 
carboxyhc acids 77.1, and/or different phosphonates 773, the corresponding products 77.5 
are obtained. 

Scheme 78 illustrates the preparation of cyclopentylmethylamines in which the phosphonate 
group is attached by means of an aminoalkyl group. In this procedure, the more reactive amino 
group of an amino-substituted cyclopentylmethylamine 78.1 is protected, to give the derivative 
78.2. The product is then coupled, by means of a reductive amination reaction, as described in 
Scheme 55, with a dialfcyl formylallg^l phosphonate 783 to give the amine product 78.4, which 
upon deprotection affords the amine 78.5. 

For example, 2-amdnomethyl-cyclopentylamine 78.6 prepared as described in WO 9811052, is 
reacted with one molar equivalent of phthalic anhydride in refhixing tetrafaydrofiiran, to yield 
the phthalimido derivative 78.7, The latter corq>ound is reacted, in the presence of sodium 
cyanoborohydride, with a dialkyl formyhnethyl phosphonate 78.8, prepared as described in Zh. 
ObscheL Khim., 1987, 57, 2793, to afford the product 78.9. Deprotection, as described above, 
then yields the amine 78.10. 

Using the above procedures, but en5)loying, in place of the diamine 78.6, different diamines 
78.1, and/or different phosphonates 78.3, the corresponding products 78.5 are obtained. 
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Scheme 76 
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Scheme 78 
Method 
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Preparation of phosphonate-substituted fluorobenzylaiiiin^ 39*2* 

Schemes 79 and 80 illustrate the preparation of phosphonate-substituted 3-fluorobenzylaniines 
39.2 which are used in the preparation of the phosphonate esters 6. 



Schen^ 79 depicts the preparation of fluorobenzylamines in which the phosphonate is attached 
10 by means of an amide or annnoalkyl linkage. In this procedure, the more reactive amino group 
in an amino-substituted 3-fluorobenzylamine 79.1 is protected. The product 79.2 is then 
coupled with a dialkyl carboxyalkyl phosphonate 793 to give the amide 79.4, which upon 
deprotection yields the free amine 79.5, Alternatively, the mono-protected diamine 79.2 is 
coupled, under reductive amination conditions, with a dialkyl formylalkyl phosphonate 79.6, to 
15 produce the amine 79.7, which upon deprotection affords the benzylamine 79.8. 

For exan5)le, 4-amino-3-fluorobenzylamiae 79.9, prq)ared as described in WO 9417035, is 
reacted ia pyridine solution with one molar equivalent of acetic anhydride, to give the 
acetylamino product 79.10. The product is reacted with a dialkyl carboxyethyl phosphonate 
79.11, (Epsilon) and dicyclohexyl carbodiimide, to afford the amide 79.12. Deprotection, for 
20 example by reaction with 85% hydrazine, as described iu J. Org. C3iem., 43, 4593, 1978, then 
gives the amine 79.13. 

Using the above procedures, but en5>loying, iu place of the diamine 79i>, different diamines 
79.1, and/or different phosphonates 79.3, the corresponding products 793 are obtained. 
As a further exanq)le, the mono-protected diamine 79.10 is reacted, as described above, with a 
25 dialkyl fonnyl phosphonate 79.13, (Avuora) and sodium cyanoborohydride, to give the 
amination product 79.14. Deprotection then affords the amine 79.15. 
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Using the above procedures, but employing, in place of the diamine 79.10 different diamines 
79*2, and/or different phosphonates 79.6, the corresponding products 79.8 are obtained 

Scheme 80 depicts the preparation of fluoroben^lamines in which the phosphonate is attached 
either directly or by means of a saturated or unsaturated alkylene linkage. In this procedure, a 
hromo-substituted S-fhiorobenzylamme 80.1 is protected. The product 80.2 is coupled, by 
meaiis of a palkdiunircatalyzed Heck reaction, as described in Schen^ 
alkenyl phosphonate 803, to give the olefinic product 80.4 which upon deprotection affords 
the amine 80.5. Optional^, the double bond is reduced, for exan^le by catalytic 
hydrogenation o\cr a palladium catalyst, to yield the saturated analog 80.9. Altcanatively, the 
protected faromobenzylamine 80.6 is coupled, as described in Scheme 61, in the presence of a 
palladium catalyst, with a dialkyl phosphite 80.6 to produce the phosphonate 80.7. 
Deprotection then affords the amine 80.8. 

For exan5)le, 2-hromo-5-fhioroben2ylaiDine 80.10, (Esprix Kne Chemfcals) is converted, as 
described above, into the N-acetyi derivative 80.11. The product is the coupled in 
dimethylformamide solution with a dialkyl vinyl phosphonate 80.12, (Fluka) in the presence of 
palladium (H) acetate and trietby^Iamine, to give the coupled product 80.13. Deprotection then 
affords the amine 80.14 and hydrogenation of the latter conq>oimd yields the saturated analog 
80.15. 

Using the above procedures, but employing, in place of the bromo con^und 80.10 different 
bromo con5)ounds 80.1, and/or different phosphonates 803, the corresponding products 80.5 
and 80.9 are obtained. 

As a further example, the protected amine 80.11 is coupled, in toluene at 100% with a dialkyl 
phoq)hite 80.6, in the presence of tetrakis(triphenylphosphine)palladium and a tertiary organic 
base such as triethylamine, to give the phosphonate 80.16. Dqxrotection then affords the 
amine 80.17. 

Using the above procedures, but employing, in place of the bromo conq)ound 80.11 different 
bromo compounds 80.2, and/or different phosphites 80.6, the corresponding products 80.8 
are obtained. 
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Scheme 79 
Method 
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CH2=CH(CH2)nP(0)(OR^)2 

80.3 ^ ^CH=CH (CH^„P(0)(Q tf)2 ^^OH=CH{CH^J>[0){OH\ 



80.1 



80^ 

HP(0){0R^)2 
80.6 



P(0)(0R^)2 
INH2J 



8a4 



80.5 



1 




Example 1 




80.8 



x-<^^|__^ rj^^^*' CH2= CHP(0)(OR^) 2 



1 ^<:s5j:;h=chp{okor^)2 



>2 F 



NAc 



80.10 



80.11 



80.13 



^^;:5^H=CHP(0){OR^)2 ^.<55^(CH2)2p(0)(OR^)2 



80.14 



Example 2 



80.15 



jl^^^' HP(0)(Otf^ ^pyP(0)( 0R')2 jj.<^P(0)(OR^)2 



80.6 



NHAo 



80.11 



80.16 



NH2 



80.17 



Preparation of phosphonate-substituted fhiorobenzylamines 39*4. 

Schemes 81 and 82 illustrate the preparation of phosphonate-substituted 3-fluorobenzylaniines 
39.4 which are used in the preparation of the phosphonate esters 7. 



Scheme 81 depicts the preparation of 3-fluorobenzylamines in which the phosphonate group is 
attached by means of an amide linkage. In this procedure, 3-fluorophenylalanine 81.1, (Alfa 
Aesar) is converted into the BOC derivative 81 Jl. The product is then coupled with a dialkyi 
aminoalkyl phosphonate 813 to afford the amide 81.4, which upon deprotection gives the 
amine 81.5. 

For example, the BOC-protected aminoacid 81.2 is coupled, in the presence of dicyclohe^g^l 
carbodiimide, with a dialkyi aminomethyl pho^honate 81.6 (hiterchim), to prepare the amide 
81.7. Deprotection then affords the amine 81.8, 
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Using the above procedures, but eii:5)loying, in place of the amine 81.6 different annnes 813, 
the corresponding products 813 are obtained 

Scheme 82 illustrates the preparation of fhiorobenzylamine d&dvatives in which the 
5 phosphonate group is attached by means of an altyl or alkoxy chain. In this procedure, a 

hydroxyalkyl-suhstituted 3-ftuorobenzyIamine 82.1 is converted into the BOC derivative 82.2. 
This compoimd is then reacted with a dialkyl hromoalkyl phosphonate 823 to give the ether 
82.4. The alkylation reaction is conducted in a polar organic solvent such as N- 
methy^pyrroKdinone in the presence of a strong base such as sodium bis(trimethylsilyl)anaide. 

10 Deprotection of the product then affords the amine 82.5. Alternatively, the N-protected 

caibinol 82.2 is converted into the corresponding bromide 82.6, for example by reaction with 
N-bromoacetamide and triphenyl phosphine. The bromo compound is then reacted with a 
trialfcyl phosphite in an Arbuzov reaction, as described above, to give the phosphonate 82.8, 
which upon deprotection affords the amine 82.9. 

15 For example, 2-amino-2-(3-fluoro-phenyl)-ethanol 82.10, prepared as described in DE 

4443892, is converted into the BOC derivative 82.11. The latter con^^ound is then reacted in 
dimethylformamide at 100* with a dialkjd bromoethyl phosphonate 82.12 (Aldrich) and 
sodium hydride, to give the ether product 82.13. Removal of the BOC group then yields the 
amine 82.14. 

20 Using the above procedures, but enqjloying, in place of the carbiaol 82.10 different carbinols 

82.1, and/or different phosphonates 82.3 the corresponding products 82.5 are obtained. 

As a further exan5>le, the BOC-protected carbinol 82.11 is reacted with carbon tetrahromide 
and triphenylphosphine to produce the bromo conqwund 82.15. This material is heated at 120^* 
with an excess of a trialkyl phosphite 82.7 to give the phosphonate 82.16. Deprotection then 
25 yields the amine 82.17. 

Using the above procedures, but employing, in place of the carbinol 82.11 different carbinols 

82.2, and/or different phosphonates 82.7 the corresponding products 82.9 are obtained. 
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Scheme 81 
Method 
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Example 
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CONH(CH2)„P(0)(0R^)2 
81.4 




(R^O)2P(0)CH2NH2 Jl 
NHBOC F 




COOH 



81J2 



81.6 



NHBOC. 



C0NHCH2P(0)(0R^)j 




81.7 



NH2 

60NHCH2P(0){OR^)2 
81.8 



Scheme 82 
lUlethod 




82.10 82.11 82.13 82.14 



Preparation of the phosphonate-containing tert. butanol deriyatives 30*1. 



Schemes 83 - 86 illustrate the preparation of the tert. butanol derivatives 30.1 which are 
en^ployed in the preparation of the phosphonate esters 5. 
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Scheme 83 depicts the preparation of tert. butanol derivatives in which the phosphonate is 
attached by means of an alkylene chain. In this procedure, a hromoalkyl carbinol 83.1 is 
reacted with a trialkyl phosphite 83.2 in an Aibuzov reaction, to afford the phosphonate 83 J. 
For example, 4-bromo-2-methyl-biitan-2-ol 83.4 prepared as described in Bioorg. Med. Chem. 
Lett, 2001, 9, 525, and a trialkyl phosphite 83.2 are heated at ca. 120' to produce the 
phosphonate 83.5. 

Using the above procedures, but en5)loying, in place of the bromo confound 83.4 different 
bromo compounds 83.1, and/or different phosphites 83.2 the corresponding products 833 are 
obtained. 

Scheme 84 depicts the preparation of tert. butanol derivatives in which the phosphonate is 
attached by means of an amide linkage. In this procedure, a carboxyKc add 84.1 is coupled 
with a dialkyl aminoalkyl phosphonate 84.2 to afford the amide 843. The reaction is 
conducted under the conditions previousty described (Scheme 1) for the preparation of 
amides. 

For example, equimolar amounts of 3-hydroxy-3-methyl-butyric acid 84.4, (Fhika) and a 
dialkyl aminoethyl phosphonate 84.5, the preparation of which is described in J. Org. Chem., 
2000, 65, 676 are reacted in tetrahydrofuran in the presence of dicyclohexylcarbodiimide to 
yield the amide 84.6. 

Usiug the above procedures, but employing, in place of the carboxylic add 84.4 different adds 
84.1, and/or different amines 84.2 the corresponding products 84.3 are obtained. 

Scheme 85 depicts the preparation of tert. butanol derivatives in which the phosphonate is 
attached by means of a heteroatom and an alkylene chain. In this procedure, a hydroxy, 
mercapto or amino-substituted carbinol 85.1 is reacted with a dialkyl bromoalkyl phosphonate 
85.2 to afford the ether, thioether or amine products 85.3. The reaction is conducted in a polar 
organic solvent in the presence of suitable base such as sodium hydride or cesium carbonate. 
For exan:q)fe, 4-mercapto-2-methyl-butan-2-ol 85.4 prepared as described in Bioorg. Med. 
Chem. Lett., 1999, 9, 1715, is reacted in tetrahydrofuran containing cesium carbonate with a 
dialkyl bromobutyl phosphonate 85.5, the preparation of which is described in Synthesis, 
1994, 9, 909, to yield the thioethea: 85.6. 
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Usiag the above procedures, but employing, in place of the thiol 85.4 different alcohols, thiol 
or amines 85*1, and/or different bromides 85.2 the corresponding products 853 are obtained. 

Scheme 86 depicts the preparation of tert. butanol derivatives in which the phosphonate is 
S attached by means of a nitrogen and an aOgdene chain. In this procedure, a hydroxyaldehyde 
86.1 is reacted with a dialkyl andnoaOcyl phosphonate 86.2 under reductive amination 
conditions, as described above, (Scheme 55) to afford the amine 86.3. 
For example, 3-hydroxy-3-methyl-butyraldehyde 86.4 and a dialkyl aminoethyl phosphonate 
86.5 the preparation of which is described in J. Org. QienL, 2000, 65, 676 are reacted 
10 together in the presence of sodium triacetoxyborohydride, to yield the amine 86.6. 

Using the above procedures, but employing, in place of the aldehyde 86.4 different aldehydes 
86.1, and/or different amines 86.2 the corresponding products 863 are obtained. 



15 



Scheme 82 
Example 2 

P(OR')3 



^OH ^Br '^P(0)(0R^)2 ^P(0){0R^)2 

82.11 82.15 82.16 ^ 82.17 




Scheme 83 
Method 

Me Me P(OR^)3 Me Me 

H0^{CH2)„Br 83^ *" HO'^(CH2)„P(0){OR^)2 
83.1 83.3 

Example 

Me Me ^0H\ Me, Me 





HO'^^'^-'^Br 83.2 HCr^'-^P(0)(OR^)2 
B3A 83.5 
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Scheme 84 
Method 

Me Me (R^ O)2P(Q)(CH2)n iNH2 Me Me 

HO^(CH2)nCOOH B4J2 HO"^(CH2)nCONH(CH2UP{0)(OR^)2 
84.1 84.3 

Example 

Me Me (R^O)^(fl)(^\^Hz Me Me 
HO-^CHgCOOH 84^ * HO'^CH2CONH(CH2)2P(0)(OR^)2 
MA 84.6 



Scheme 85 
Mettiod 

(R^ 0)eP(O)(CH2 )n.Br 

HO^(CH2)nXH HO^(CH2)nX(CH2)mP(0)(OR^)2 

85.1 85.3 
X = 0,S,NH 

Example . 

(R^0)2P(0)(CH2)4Br 
Me Me ^ Me Me 





I^Q- ^ ^SH 
85.4 85.6 

Scheme 86 
Method 

f.A^ (R'0)2P{0)(CH2)mNH2 

Me. Me _ Me Me 

HO-^CCHa^CHO »6.2 HO^(CH2)n+iNH(CH2)inP(0)(OR^)2 

86.3 

Example 

(R' OW(°KOW H, 

H 

86.4 86.6 



Preparatton of the pho^honate-containing b^izyl carbamates 43.4. 



Schemes 87-91 illustrate methods for the preparation of the benzyl carbamates 43.4 wMch 
are enq>loyed in the preparation of the phosphonate esters 9. The benzyl alcohols are obtained 
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by reduction of the corresponding benzaldehydes, the preparation of which is described in 
Schemes 87 - 90. 

Scheme 87 fflustrates the preparation of benzaldehyde phosphonates 873 in which the 
phosphonate group is attached by means of an alkylene chain incorporation a nitrogen atom. 
In this procedure, a benzene dialdehyde 87*1 is reacted with one molar equivalent of a dialkyl 
aminoaBcyl phosphonate 87.2, under reductive amination conditions, as described above in 
Scheme 55, to yield the phosphonate product 873. 

For example, benzene-13-dialdehyde 87*4 is reacted with a dialkyl aminopropyl phosphonate 
87.5, (Acros) and sodium triacetoxyborohydride, to a£ford the product 87.6. 
Using the above procedures, but enoploying, in place of benzene-l,3-dicarboxaldehyde 87.4, 
different benzene dialdehydes 87.1, and/or different phosptenates 87.2, the corresponding 
products 87.3 are obtained. 

Scheme 88 illustrates the pr^aration of benzaldehyde pbosphonates either directly attached to 
the benzene ring or attached by means of a saturated or unsaturated carbon chain. In this 
procedure, a bromobenzaldehyde 88.1 is coupled, as described above, with a dialkyl 
aDcenylphosphonate 88.2, to afford the alkenyl phosphonate 883. Optionally, the product is 
reduced to afford the saturated phosphonate ester 88.4. Alternatively, the bromobenzaldehyde 
is coupled, as described above, with a dialkyl phosphite 88.5 to afford the 
formylphenylphosphonate 88.6. 

For exauDple, as shown in Exanaple 1, 3-bromobenzaldehyde 88.7 is coupled with a dialkyl 
propenylphosphonate 88.8 (Aldrich) to afford the propenyl product 88.9. Optionally, the 
product is reduced, for example by the use of diimide, to yield the propyl phosphonate 88.10. 
Using the above procedures, but employing, in place of 3-bromobenzaldehyde 88.7, different 
bromobenzaldehydes 88.1, and/or different alkenyl pbosphonates 88.2, the corresponding 
products 88.3 and 88.4 are obtained. 

Alternatively, as shown in Example 2, 4-bromobenzaldehyde is coupled, in the presence of a 
pafladium catalyst, with a dialkyl phosphite 88.5 to afford the 4-forntylphenyl phosphonate 
product 88.12. 

Using the above procedures, but en5)loying, in place of 4-bromobenzaldehyde 88.11, different 
bromobenzaldehydes 88.1, the corresponding products 88.6 are obtained. 
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Scheme 89 ilhistrates the preparation of formy^henyl phosphonates in which the phosphonate 
moiety is attached by means of aDqrlene chains incorporating two heteroatoms O, S or N. In 
this procedure, a fonnyl phenoxy, phenylthio or phenylamino alkanol, alkanethiol or 

5 aBcylamine 89.1 is reacted with a an equimolar amount of a dialkyl haloalkyl phosphonate 
89 JS, to afford the phenoxy, phenylthio or phenylamino phosphonate product 893. The . 
alkyktion reaction is effected in a polar organic solvent such as dimethylformamide or 
acetonitrile, in the presence of a base. The base en:q>loyed depends on the nature of the 
nucleophile 89.1. In cases in which Y is O, a strong base such as sodium hydride or lithium 

10 hexamethyldisilazide is en5)loyed. In cases in which Y is S or N, a base such as cesium 
carbonate or dimethylaminopyridine is en5)loyed. 

For example, 2-(4-formylphenylthio)ethanol 89.4, prepared as described in Macromolecules, 
1991, 24, 1710, is reacted in acetonitrile at 60" with one molar equivalent of a dialkyl 
iodomethyl phosphonate 89-5, (Lancaster) to give the ether product 89.6. 
15 Using the above procedures, but employing, in place of the carbinol 89.4, different carbinols, 
thiols or amines 89.1, and/or different haloalkyl phosphonates 89.2, the corresponding 
products 89.3 are obtained. 

Scheme 90 illustrates the preparation of formylphenyl phosphonates in which the phosphonate 
20 group is linked to the benzene ring by means of an aromatic or heteroaromatic ring. In this 
procedure, a formylbenzeneboronic acid 90.1 is coupled, in the presence of a palladium 
catalyst, with one molar equivalent of a dihromoarene, $K).2, in which the group Ar is an 
aromatic or heteroaromatic group. The coupling of aryl boronates with aryl bromides to afford 
diaryl coir5)ounds is described in Palladium Reagents and Catalysts, by J. Tsuji, Wiley 1995, p. 
25 218. The coir5>onents are reacted in a polar solvent such as dimethylfonnamide in the presence 
of a palladium(0) catalyst and sodium bicarbonate. The product 903 is then coupled, as 
described above (Scheme 50) with a dialkyl phosphite 90.4 to afford the phosphonate 90.5. 
For exan^le, 4-formylbenzeneboronic add 90.6 is coupled widi 2,5-dihronK)thiophene 90.7 to 
yield the phenylthiophene product 90.8. This compound is then coupled with the dialkyl 
30 phosphite 90.4 to afford the thienyl phosphonate 90.9. 
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Using the above procedures, but en5)loymg, in place of dibromothiophene 90.7» different 
dibromoarenes 90*2, and/or diff^ent formylphenyl boronates 90.1, the corresponding products 
90.5 are obtained. 

5 Scteme 91 illustrates the preparation of the benzyl caxbamates 43.4 which are employed in the 
preparation of the phosphonate esters 9. Li this procedure, the substituted benzaldehydes 91.1, 
prepared as shown in Schemes 87 - 90, are converted into the corresponding benzyl alcohols 
91.2. The reduction of aldehydes to afford alcohols is described in Con^rehensive Organic 
Transformations, by R. C. Larock, VCH, 1989, p. 527ff. The transformation is effected by the 

10 use of reducing agents such as sodium borohydride, lithium aluminum tri-tertiarybutoxy 

hydride, diisobutyl aluminum hydride and the like. The resultant benzyl alcohol is then reacted 
with the aminoester 913 to afford the carbamate 91.4. The reaction is performed under the 
conditions described below, Schenoe 98. For example, the benzyl alcohol is reacted with 
caibonyldiimidazole to produce an intermediate benzsdoxycarbonyl imidazole, and the 

15 intermediate is reacted with the aminoest^ 91.3 to afford the carbamate 91.4. The method 
ester is then hydrolyzed to yield the carboxylic acid 43.4. 



Scheme 87 
Method 
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PH2NH(CH2)nP(0)(OR^)2 



U H2 N(CH2)nP(0)(Q R')2| 
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Scheme 88 
Method 
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Scheme 90 
Method 
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Preparation of phosphonate-containing benzenesiilfonyl chlorides 20.2. 

Schemes 92-97 illustrate methods for the preparation of the sulfonyl chlorides 20.2 which are 
en^loyed in the preparation of the phosphonate esters 4. Sulfonic adds and/or sulfonyl haEdes 
are obtamed by oxidation of the corresponding thiols, as described in Synthetic Organic 
Chennstry, R. B. Wagner, H. D. Zook, Wiley, 1953, p. 813, and in TeL 1965, 21, 2271. For 
exanq>le, the phosphonate-containing thiols which are prepared according to Schemes 63 - 72 
are transformed into the corresponding sulfonic acids by oxidation with bromine in aqueous 
organic solution, as described in J. Am. Chemi Soc, 59, 811, 1937, or by oxidation with 
hydrogen peroxide, as described in Rec. Trav. ChinL, 54, 205, 1935, or by reaction with 
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oxygen in alkaline solution, as described in Tet. Let, 1963, 1 131, or by the use of potassium 
sup^oxide, as described in Aust. J. Chem., 1984, 37, 2231. Schemes 92- 96 describe the 
preparation of phosphonate-substituted benzenesulfonic acids; Scheme 97 describes the 
conversion of the sulfonic acids into the corresponding sulfonyl chlorides. Alternatively, the 
5 intermediate thiols, when propduced, can be directly converted to the sulfonyl chloride as 
described in Scheme 97a 

Scheme 92 depicts the preparation of variously substituted benzenesulfonic adds in which the 
phosphonate group is directty attached to the benzene ring. In this procedure, a bromo- 

10 substituted benzenethiol 92.1 is protected, as previously described. The protected product 
92.2 is then reacted, in the presence of a palladium catalyst, with a dialkyl phosphite 923, to 
give the corresponding phosphonate 92.4. The thiol group is then deprotected to aJBford the 
thiol 92.5, and this coiiq)ound is oxidized to afford the sulfonic acid 92.6. 
For example, 4-bromobenzenethiol 92.7 is converted into the S-adamantyl derivative 92.8, by 

15 reaction with 1-adamantanol in trifluoroacetic acid, as described in Chem. Phann. Bufi., 26, 
1576, 1978. The product is then reacted with a dialkyl phosphite and a palladium catalyst, as 
described previous^, to yield the phosphonate 92.9. The adamantyl group is then removed by 
reaction with mercuric acetate in trifluoroacetic acid, as described in Chem Pharm. Bull, 26, 
1576, 1978, to give the thiol 92.10. The product is then reacted with bromine in aqueous 

20 solution to prepare the sulfonic acid 92.11. 

Using the above procedures, but en5)loying, in place of the thiol 92.7, different thiols 92.1, 
and/or different dialkyl phosphites 92 J, the corresponding products 92.6 are obtained. 

Scheme 93 iQustrates the preparation of amino-substituted benzenesulfonic acids in which the 
25 phosphonate group is attached by means of an alko^ group. In this procedure, a hydroxy 

amino-substituted benzenesuifonic acid 93.1 is reacted with a dialkyl bromoalkyl phosphonate 
93J2 to afford the ether 933. The reaction is performed in a polar solvent such as 
dimethylformamide in the presence of a base such as potassium carbonate. The yield of the 
product 933 is increased by treatment of the crude reaction product with dilute aqueous base, 
30 so as to hydrolyze any sulfonic esters which are produced. 

For exanq>le, 3-amino-4-hydro>grbenzenesulfonic acid 93.4 (Fhika) is reacted with a dialkyl 
bromopropyl phosphonate 933 prepared as described in J. Am Chem Soc., 2000, 122, 1554, 
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in dimethylfonziaixdde containing potassium carbonate, followed by the addition of water, to 
produce the ether 93.6. 

Using the above procedures, but enoqploying, in place of the phenol 93*4, different phenols 
93.1, and/or different phosphonates 93^, the corresponding products 933 are obtained. 



Scheme 94 illustrates the preparation of methoxyl-substituted benzenesulfonic acids in which 
the phosphonate group is attached by means of an amide group. In this procedure, a methoxy 
amino-substituted benzenesulfonic acid 94.1 is reacted, as described previously for the 
preparation of amides, with a dialkyl carboxyalkyl phosphonate 94.2 to produce the amide 
10 943. 

For exan:ple, 3-ain3no-4-niethoxybenzenesulfonic add 94.4, (Acros) is reacted in 
dimethylformamide solution with a dialkyl phosphonoacetic acid 94.2 (Aldrich) and 
dicyclohexyl carbodiimide, to produce the amide 94.6. 

Using the above procedures, but enq>loying, in place of the amine 94.4, different amines 94.1, 
15 and/or different phosphonates 94.2, the corresponding products 943 are obtained. 



Scheme 95 illustrates the preparation of substituted benzenesulfonic acids in which the 
phosphonate group is attached by means of a saturated or unsaturated alkylene group. In this 
procedure, a halo-substituted benzenesulfonic acid 95.1 is coupled, in a palladium catalyzed 
20 Heck reaction with a dialkyl alkenyl phosphonate 95.2 to afford the phosphonate 95.3. 

Optionally, the product is reduced, for example by catalytic hydrogenation over a palladium 
catalyst, to give the saturated analog 95.4. 

For exanqple, 4-amino-3-chlorobenzenesulfonic aid 95.5 (Acres) is reacted in N- 
methylpyrrolidinone solution at SO*" with a diaDgrl viny^hosphonate 95.6 (Aldrich), palladium 
25 (II) chloride bis(acetonitriIe), sodium acetate and tetrapheny!^hosphonium chloride, as 

described in Ang. ChenL Int Ed. EngL, 37, 481, 1998, to produce the olefinic product 95.7. 
Catalytic hydrogenation using a 5% palladium on carbon catalyst then affords the saturated 
analog 95.8. 

Using the above procedures, but employing, in place of the cbloro cornpound 95.5, different 
30 chlorides 95.1, and/or different phosphonates 95.2, the corresponding products 953 and 95.4 
are obtained. 
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Scheme 96 depicts the preparation of benzenesulfoiiic acids in which the phosphonate group is 
attached by means of an amide linkage. In this procedure, an amino carboy substituted 
benzene thiol 96.1 is coupled with a dialkyl aminoalkyl phosphonate 96*2 to produce the 
amide 963. The product is then oxidized, as described above, to afibrd the corresponding 
S sulfonic acid 96.4. 

For exanq>le, 2-aniino-5-m^rcaptobenzoic acid 96^, prepared as described in Pharmazie, 
1973, 28, 433, is reacted with a dialkyl aminoethyl phosphonate 96.6 and dicyclohexyl 
carbodiimide, to prepare the amide 96.7. The product is then oxidized with aqueous hydrog^ 
peroxide to yield the sulfonic acid 96.8. 
10 Using the above procedures, but en5)loying, in place of the carboxylic acid 96.5, different 

adds 96.1, and/or different phosphonates 96.2, the corresponding products 96.4 are obtained. 

Scheme 97 illustrates the conversion of benzenesulfonic acids into the corresponding sulfonyl 
chlorides. The conv^ion of sulfonic acids into sulfonyl chlorides is described in Synthetic 

15 Organic Chemistry, R. B. Wagner, H. D. Zook, Wiley, 1953, p. 821. The transformation is 
effected by the use of reagents such as thionyl chloride or phosphorus pentachloride. 
For exanople, as shown in Scheme 97, the variousty substituted phosphonateKU^ntaining 
benzenesulfonic acids 97.1, prepared as described above, are treated with thionyl chloride, 
oxalyl chloride, phosphorus pentachloride, phosphorus oxycMoride and the like to prepare the 

20 corresponding sutfonyl chlorides 97.2. 

Scheme 97a illustrates the conversion of thiols into the corresponding sulfonyl chlorides which 
can be applied to any of the thiol intermediates in Schemes 92-96. The thiol is oxidized as 
described in Synthesis 1987, 4, 409 or J. Med. Chenn. 1980, 12, 1376 to afford the sulfonyl 
25 chloride directly. For exan^le, treatment of protected thiol 97a.l, prepared from 96.7 using 
standard protecting groups for amines as described in Greene and Wuts, third edition, ch 7, 
with HQ and chlorine affords the sulfonyl chloride 97a.2. Alternatively treatment of 92.10 
with the same conditions gives the sulfonyl chloride 97a3. 
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Scheme 92 
Method 



A = H, OH, NHg, OMe 

92.1 92.2 92.4 

92.6 

f ys ^ ." ^tr'^v^ »'<^.Y ^ »'o>Y ^ 

92.7 92.8 92.9 92.10 92.11 



Scheme 93 
Method 




(R^O)3P(0)(CH3)„Br ("^0),P(0){CH,)„a . 
93.1 R = NHa.H.OMe ^3 

93.4 93.6 



Scheme 94 
Method 



(R^O)2P{0)(CH2)nCOOH 




94.1 R = OMe. NH2. H 94 3 

Example 

"^^Y^ (R^O)2P(0)CH2COOH ^^^^Nj*^ 

H2N'''^^*^S03H (R^O)2P(0)CH2CONhr"^^S03H 
94.4 
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Scheme 95 
Method 

A CH2=CH(CH2)nP(0)(OR^)2 A ^ A 

Example 



A=H. 0Me,NH2 

95.1 95.3 



^. JIJL^ ~QBS^ {R^O)2P{0)CH=CH"'^^^S03H (R'0)2P(0)(CH2)2^"^^^S03H 



95.5 



'3' 

95.7 95.8 



Scheme 96 
Method 



(R'0)2P(0){CH2)nNH2 





HOOti {R^O)2P(0){CH2)nNHCc/ (R^O)2P{0)(CH2)nNHCGr 



A = H, OMe, Ha 

96.1 96.3 

Example 

H2N^,^^(R' 0)2P(0)(CHg)2 NH2 HgN.,^^ HaN.^^^ 

HO^JL^^ 96.6 (R^O)2P(0)(CH2)2NK^.A (R^^^^P{^^I^2N^^vJ^ 

o o o 

96.5 96.7 
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Scheme 97 

(R^0)2P(0)link-^ 'jl »► {R^0)2P(0)link-^- 'j^ 

A=H, Ha. MeO. NHaetc 

97.1 97J2 



Scheme 97a 

(R^0)2P(0)link-g^^^*l (R^0)2P(0)link^n 

A=H, Ha.MeO.NH2etc 

97a.l 97.2 



Example 




(R^O)2P(0)(CH2)2NH..JlAg^ jR^O)2P(0)(CHa)2NH.^^AAso2a 

O o 

97a.1 97a.2 
92.10 97a3 



5 Preparation of carbamates. 

The phosphonate esters 1 - 4 in which is formalfy derived from the carboxylic acids shown 
in Chart 5c, and the phosphonate esters 5 and 9 contain a carbamate linkage. The preparation 
of caibanmtes is described in Conq>rehensive Organic Functional Group Transformations, A. 
10 R. Katritzky, ed., Pergamon, 1995, VoL 6, p. 416ff, and in Organic Functional Group 
Preparations, by S. R. Sandler and W. Karo, Academic Press, 1986, p. 260£E. 
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Scheme 98 illustrates various methods by which the carbamate linkage is synthesized. As 
shown in Scheme 98, in the general reaction generating carbamates, a carbinol 98.1, is 
converted into the activated derivative 98.2 in which Lv is a leaving group such as halo, 
imidazolyl, benztriazolyl and the like, as described below. The activated derivative 98.2 is then 
5 reacted with an amine 983, to afford the carbamate product 98.4. Examples 1 - 7 in Scheme 
98 depict methods by which the general reaction is efifected. Examples 8-10 ilhistrate 
alternative methods for the preparation of carbamates. 

Scheme 98, Exanq>le 1 illustrates the preparation of carbamates employing a chlorofonnyl 
derivative of the carbinol 98.1. In this procedure, the carbinol is reacted with phosgene, in an 

10 inert solvent such as toluene, at about 0% as described in Org. Syn. ColL Vol. 3, 167, 1965, or 
with an equivalent reagent such as trichloromethoxy chloroformate, as described in Org. Syn. 
ColL VoL 6, 715, 1988, to afford the chloroformate 98.6. The latter contqnjund is then reacted 
with the amine conoponent 983, in the presence of an organic or inorganic base, to afford the 
carbamate 98.7. For exan5)le, the chlorofonnyl conipound 98.6 is reacted with the amine 983 

15 in a water-miscible solvent such as tetrahydrofuran, in the presence of aqueous sodium 
hydroxide, as described in Org. Syn. ColL VoL 3, 167, 1965, to yield the carbamate 98.7. 
Alternatively, the reaction is performed in dichloromethane in the presence of an organic base 
such as diisopropylethylamine or dimethylaminopyridine. 

Scheme 98, Example 2 depicts the reaction of the chloroformate con5)Ound 98.6 with 
20 imidazole to produce the imidazoHde 98.8. The imidazohde product is then reacted vnXh the 
armne 983 to yield the carbamate 98.7. The preparation of the imidazohde is performed in an 
aprotic solvent such as dichloromethane at 0', and the preparation of the carbamate is 
conducted in a similar solvent at ambient temperature, optionally in the presence of a base 
such as dimethylaminopyridine, as described in J. Med. Chem., 1989, 32, 357. 
25 Scheme 98 Example 3, depicts the reaction of the chloroformate 98.6 with an activated 
hydroxyl conipound R'^OH, to yield the mixed carbonate ester 98.10. The reaction is 
conducted in an inert organic solvent such as ether or dichloromethane, in the presence of a 
base such as dicyclohexylamine or triethylamine. The hydroxyl component R"OH is selected 
from the group of conqpounds 98.19 - 98.24 shown in Scheme 98, and similar con^wunds. For 
30 exan^le, if the component R"OH is hydroxybenztriazole 98.19, N-hydroxj^ccinimide 98.20, 
or pentacUorophenol, 98.21, the mixed carbonate 98.10 is obtained by the reaction of the 
chloroformate with the hydroxyl conipound in an ethereal solvent in the presence of 
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dicyclohexylamine, as described in Can. J. Chem., 1982, 60, 976. A similar reaction in which 
the component R"OH is pentafhiorophenol 98.22 or 2-hydroxypyridine 98^3 is perfonned in 
an ethereal solvent in the presence of triethylamine, as described in Syn., 1986, 303, and 
Chem. Ber. 118, 468, 1985. 

Scheme 98 Example 4 iBustrates the preparation of carbamates in which an 
alkyloxycarbonylimidazole 98.8 is en5>loyed. In this procedure, a carbinol 98-5 is reacted with 
an equimolar amount of carbonyl diinridazole 98.11 to prepare the intermediate 98.8. The 
reaction is conducted m an aprotic organic solvent such as dicMoromethane or 
tetrahydrofuran. The acyioxyimidazole 98.8 is then reacted with an equimolar aniount of the 
amine KNH2 to afford the carbamate 98.7. The reaction is performed in an aprotic organic 
solvent such as dichloromethane, as described in Tet. Lett., 42, 2001, 5227, to afford the 
carbamate 98.7. 

Schente 98, Example 5 ilhistrates the preparation of carbamates by means of an intermediate 
alkoxycarbonylbenztriazole 98.13. In this procedure, a carbinol ROH is reacted at ambient 
temperature with an equimolar amount of benztriazole carbonyl chloride 98.12, to afford the 
alkoxycarbonyl product 98.13. The reaction is performed in an organic solvent such as 
benzene or toluene, in the presence of a tertiary organic amine such as triethylamine, as 
described in Syn., 1977, 704. The product is then reacted with the amine RNHj to afford the 
carbamate 98.7. The reaction is conducted in toluene or ethanol, at jtom ambient temperature 
to about 80' as described in Syn,, 1977, 704. 

Scheme 98, Exan^le 6 illustrates the preparation of carbamates m which a carbonate 
(R"0)2C0, 98.14, is reacted with a carbinol 98.5 to afford the intermediate alkyloxycartwnyl 
intermediate 98.15. The latter reagent is then reacted with the amine R'NH2 to afford the 
carbamate 98.7. The procedure in which the reagent 98.15 is derived from 
hydroxybenztriazole 98.19 is described in Synthesis, 1993, 908; the procedure in which the 
reagent 98.15 is derived from N-hydroxysuccimmide 98.20 is described in Tet. Lett., 1992, 
2781 ; the procedure in which the reagent 98.15 is derived from 2-hydroxypyridine 98.23 is 
described in Tet. Lett., 1991, 4251; the procedure in which the reagent 98*15 is derived from 
4-nitrophenol 98.24 is described in Syn. 1993, 199. The reaction between equimolar amounts 
of the carbinol ROH and the carbonate 98.14 is conducted in an inert organk solvent at 
ambient temperature. 
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Scheme 98, Exaii5)le 7 illustrates the preparation of carbamates from alkoxycarbonyl azides 
98.16. In this procedure, an alkyl chloroformate 98.6 is reacted with an azide, for exarople 
sodium azide, to afford the alkoxycarbonyl azide 98.16. The latter conq>ound is then reacted 
with an equimolar amount of the amine RNHj to afford the carbamate 98.7. The reaction is 
5 conducted at ambient tem|>erature in a polar aprotic solvent such as din^thylsulfoxide, for 
exan5)le as described in Syn., 1982, 404. 

Scheme 98, Examplc^ 8 illustrates the preparation of carbamates by means of the reaction 
between a carbinol ROH and the chloroformyl derivative of an amine 98.17. In this procedure, 
which is described in Synthetic Organic C3iemistry, R. B. Wagner, H. D. Zook, Wiley, 1953, 

10 p. 647, the reactants are combined at ambient ten5)erature in an aprotic solvent such as 
acetonitrile, in the presence of a base such as triethylamine, to afford the carbamate 98.7. 
Scheme 98, Exanq>le 9 illustrates the preparation of carbamates by naeans of the reaction 
between a carbinol ROH and an isocyanate 98.18. In this procedure, which is described in 
Synthetic Organic Chemistry, R. B. Wagner, H. D. Zook, Wiley, 1953, p. 645, the reactants 

15 are combined at ambient temperature in an aprotic solvent such as ether or dicUoromethane 
and the like, to afford the carbamate 98.7. 

Scheme 98, Exan^le 10 illustrates the preparation of carbamates by means of the reaction 
between a carbinol ROH and an amine KNH2. In this procedure, which is described in Chem. 
Lett. 1972, 373, the reactants are combined at ambient temperature in an aprotic organic 
20 solvent such as tetrahydrofuran, in the presence of a tertiary base such as triethylamine, and 
selenium. Carbon monoxide is passed through the solution and the reaction proceeds to afford 
the carbamate 98.7. 
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Scheme 98 
General reaction 
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Interconversions of the phosphonates R-Kiik-P(0)(0R*)2, R-link.P(0)(OR*)(OH) and R- 
lmk.P(0)(0H)2. 

Schemes 1-97 described the preparations of phosphonate esters of the general stmcture R- 
]ink-P(0)(0R^)2, in which the groups R^ the structures of which are defined in Charts 1 and 2, 
may be the same or different The R^ groups attached to the phosphonate esters 1 - 13, or to 
precursors thereto, may be changed using established chemical transformations. The 
interconversions reactions of phosphonates are iUustrated in Scheme 99. The group R in 
Scheme 99 rqwresents the substructure to which the substituent link-P(0)(0R^)2 is attached, 
either in the compounds 1 - 13 or in precursors thereto. The R^ group may be changed, using 
the procedures described below, either in the precursor compounds, or in the esters 1 - 13. 
The methods employed for a given phosphonate transformation depend on the nature of the 
substituent R\ The preparation and hydrolysis of phosphonate esters is described in Organic 
Phosphorus Con5>ounds, G. M. Kosol^ff, L. Maeir, eds, Wiley, 1976, p. 9ff. 

The conversion of a phosphonate diester 99.1 into the corresponding phosphonate monoester 
99.2 (Scheme 99, Reaction 1) is accomplished by a number of methods. For example, the ester 

99.1 in which R^ is an aralkyl group such as benzyl, is converted into the monoester compound 

99.2 by reaction with a tertiary organic base such as diazabicyclooctane (DABCO) or 
quiniiclidine, as described in J. Org. Chem., 1995, 60, 2946. The reaction is performed in an 
inert hydrocarbon solvent such as tohirae or xylene, at about 1 10\ The conversion of the 
diester 99.1 in which R^ is an aryl group such as phenyl, or an alkenyl group such as allyl, into 
the monoester 99.2 is effected by treatment of the ester 99.1 with a base such as aqueous 
sodium hydroxide in acetonitrile or lithium hydroxide in aqueous tetrahydrofiiran. 
Phosphonate diesters 99.1 in which one of the groups R^ is aralkyl, such as benzyl, and the 
other is alkyi, are converted into the monoesters 99.2 in which R^ is alkyl by hydrogenation, 
for exan^Ie using a palladium on carbon catalyst. Phosphonate diesters in which both of the 
groups R* are alkenyl, such as allyl, are convated into the monoester 99.2 in which R^ is 
alkenyl, by treatment with chlorotris(triphenylphosphine)rhodium (Wilkinson's catalyst) in 
aqueous etbanol at reflux, optionally in the presence of diazabicyclooctane, for example by 
using the procedure described in J. Org. Chem., 38, 3224, 1973 for the cleavage of allyl 
carboxjtotes. 
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Hie conversion of a phosphonate diester 99.1 or a phosphonate monoester 99.2 into the 
corresponding phosphonic acid 993 (Scheme 99, Reactions 2 and 3) is effected by reaction of 
the diester or tte monoester with trimethylsityl bromide, as described in J. Chem. Soc, ChenL 
Comm., 739, 1979. The reaction is conducted in an ih^ solvent such as, for example, 

5 dichloromethane, optionally in the presence of a silylating agent such as 

bis(trimethylsilyl)triftooroacetaiDide, at ambient temperature. A phosphonate monoester 99.2 
in which is aralkyl such as benzyl, is converted into the corresponding phosphonic add 993 
by hydrogenation over a palladium catalyst, or by treatment with hydrogen chloride in an 
ethereal solvent such as dioxan. A phosphonate monoester 99.2 in which R* is aBcenyl such as, 

10 for exaiEple, aHyl, is converted into the phosphonic acid 99.3 by reaction with Wilkinson's 

catalyst in an aqueous organic solvent, for exanf^le in 15% aqueous acetonitrile, or in aqueous 
ethanol, for exarople using the procedure described in Helv. ChinL Acta., 68, 618, 1985. 
Palladium catalyzed hydrogenolysis of phosphonate esters 99.1 in which R^ is benzyl is 
described in J. Org. Chem., 24, 434, 1959. Platinum-catalyzed hydrogenolysis of phosphonate 

15 esters 99.1 in which R^ is phenyl is described in J. Am. Chem. Soc, 78, 2336, 1956. 

The conversion of a phosphonate monoester 99.2 into a phosphonate diester 99.1 (Scheme 99, 
Reaction 4) in which the newly introduced R^ group is alkyl, aralkyl, haloalkyl such as 
cUoroethyl, or aralkyl is effected by a number of reactions in which the substrate 99.2 is 
reacted with a hydroxy con:5)oimd R*OH, in the pres^ice of a coupling agent. Suitable 

20 coupling agents are those employed for the preparation of carbojq^late est^s, and include a 
carbodnmide such as dicyclohexylcarbodiimide, in which case the reaction is preferably 
conducted in a basic organic solvent such as pyridine, or (benzotriazoH- 
yloxy)tripyrrolidinophosphonium hexaftuorophospbate (PYBOP, Sigma), in which case the 
reaction is performed in a polar solvent such as dimetbylFormamide, iu the presence of a 

25 tertiary organic base such as diisopropylethylamine, or Aldrithiol>-2 (Aldrich) in which case the 
reaction is conducted in a basic solvent such as pyridine, in the presence of a triaryl phosphine 
such as tr5)henylphosphine. Altemativety, tiie conversion of the phosphonate nK>noester 99.2 
to the diester 99.1 is effected by the use of the Mitsonobu reaction, as described above. 
Scheme 49. The substrate is reacted with the hydroxy compound R^OH, in the presence of 

30 diethyl azodicarboxylate and a triarylphosphine such as triphenyl phosphine. Alternatively, the 
phosphonate monoester 99.2 is transformed into the phosphonate diester 99.1, in which the 
introduced R* group is aDcenyl or aralkyl, by reaction of the monoester with the haUde R^Br, in 
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which is as alkenyl or aralkyL The alkylation reaction is conducted in a polar organic 
solvent such as dimethylformanaide or acetonitrfle, in the presence of a base such as cesium 
carbonate. Alternatively, the phosphonate monoester is transformed into the phosphonate 
diester in a tv^^o step procedure. In the first step, the phosphonate monoester 99.2 is 
5 transformed iuto the chloro analog RP(0)(OR^)a by reaction with thionyl chloride or oxatyl 
chloride and the like, as described in Organic Phosphorus Compounds, G. M. Kosolapoff, L. 
Maeir, eds. Wiley, 1976, p. 17, and the thus-obtained product RP(0)(0R^)C1 is then reacted 
with the hydroxy compound R^OH, in the presence of a base such as triethylamine, to afford 
the phosphonate diester 99.1. 

10 A phosphonic acid R-link-P(0)(0H)2 is transformed into a phosphonate monoester 

RP(0)(OR^)(OH) (Scheme 99, Reaction 5) by means of the methods described above of for 
the preparation of the phosphonate diest^ R-link-P(0)(0R*)2 99.1, except that only one molar 
proportion of the component R^OH or R^Br is employed. 

A phosphonic acid R-link-P(0)(0H)2 993 is transformed into a phosphonate diester R-link- 
15 P(0)(0R')2 99.1 (Schemte 99, Reaction 6) by a coupling reaction wdth the hydroxy compound 
R*OH, in the presence of a coupling Bg&at such as Aldrithiol-2 (Aldrich) and 
triphenylphosphine. The reaction is conducted in a basic solvent such as pyridine. 
Alternatively, phosphonic acids 993 are transformed into phosphonic esters 99.1 in which R^ 
is aryl, by means of a coupling reaction employing, for exan^le, dicyclohexylcarbodiimide in 
20 pyridine at ca 70\ Altemarivety, phosphonic acids 993 are transformed into phosphonic esters 
99.1 in which R^ is alkenyl, by means of an alkylation reactioiL The phosphonic acid is reacted 
with the alkenyl bromide R^Br in a polar organic solvent such as acetonitrile solution at reflux 
teniperature, the presence of a base such as cesium carbonate, to afford the phosphonic ester 
99.1. 
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15 



Scheme 99 

P ■ 1 



O P , 2 P 
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OH OH 
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General applicability of methods for introduction of phosphonate substituents. 

The procedures described for the introduction of phosphonate moieties (Schemes 47 - 97) are, 
with appropriate modifications known to one skilled in the art, transferable to different 

5 chemical substrates. Thus, the methods described above for the introduction of phosphonate 
groups into hydroxymethyl benzoic acids, (Schemes 47 - 51 ) are applicable to the 
introduction of phosphonate moieties into quinolines, thiophenols, isobutylamines, 
cyclopentylamines, tert* butanols, benzyl alcohols, phenylalanines, benzylamines and 
benzenesulfonic acids, and the methods described for the introduction of phosphonate moieties 

10 into the above-named substrates (Schemes 52 - 97) are applicable to the introduction of 
phosphonate moieties into hydro:jqmethyl benzoic acid substrates. 



Preparation of phosphonate inteimediates 11 - 13 with phosphonate moieties 
incorporated into the or R"* groups. 



The chemical transformations described in Schemes 1-99 iQustrate the preparation of 
coropounds 1 - 10 in which the phosphonate ester moiety is attached to the substructures 
listed above. The various chemical methods employed for the iotroduction of phosphonate 
ester groups into the above-named moieties can, with appropriate modifications known to 
20 those skiDed in the art, be applied to the introduction of a phosphonate ester group into the 
coii?)Ounds R'*COOH, R^Cl, R^NH2. The resultant phosphonate-containing analogs, 
designated as R'^^OOH, R^^ Q and NH2R^ are then, using the procedmres described above, 
en5)loyed in the preparation of the con5)ounds 11, 12 and 13. TTie procedures required for the 
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Utilization of the phosphonate-containing analogs are the same as those described above for 
the utilization of the conroounds R^NHz , R^CL and R^COOH. 



5 KNI-like phospbonate protease inhibitors f KNILPPD 

Preparation of the intermediate pho2q>honate esters 1-12. 

Tlie structures of the intermediate phospbonate esters 1 to 12 and the structures for the 
component groups R\ R^, R^, R^, R^, X and Y of this invention are shown in Charts 1 and 2. 

10 The structures of the R^COOH components are shown in Charts 3a, 3b and 3c. 

The structures of the R^^^^NH and R'^R^NH coii^onents are shown in Charts 4a, and 4b 
respectively. The structures of the R^CHz groups are shown in Chart 5. Specific 
stereoisomers of some of the structures are shown in Charts 1-5; however, all stereoisomers 
are utilized in the syntheses of the compounds 1 to 12. Subsequent chemical modifications to 

15 the compounds 1 to 12, as described herein, permit the synthesis of the final con^jounds of 
this invention. 

The intermediate compounds 1 to 12 incorporate a phospbonate moiety (R^0)2P(0) 
connected to the nucleus by means of a variable linking group, designated as "link" in the 
attached structures. Charts 6 and 7 iDustrate examples of the finking groups present in the 
20 structures 1-12. 

Schemes 1 - 103 illustrate the syntheses of the intermediate phosphonate compounds of this 
invention, 1 • 10, and of the intermediate compounds necessary for their synthesis. The 
preparation of the phosphonate esters 11 and 12, in which the phosphonate moiety is 
incorporated into the groups R^COOH and R^^"NH, is also described below. 

25 
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Chart 1 




= H, alkyl, haloallcyl,alkeny!, aralkyi, aryl 
= H.H; H, methyl; methyl, inethyl;H, CI 
R^ = alkyl. CH2SO2CH3.C(CH3)2S02CH3.CH2CONH2, CH2SCH3, imldaz-4-ylmethyl, CH2NHAC, CH2NHCOCF3 
X S or direct t>ond 
Y = S. CH2 
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Chart 2 
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Chart 3a Structures of the R^COOH components 




C6 C7 C8 C9 CIO 




C22 C23 C24 



= alkyi, CH2S02CH3,C(CH3)2S02CH3,CH2CONH2. CH2SCH3. imidaz-4-ylmethyl. CH2NHAC, 
CH2NHGOCF3 
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C35 C3e C37 



= alkyl, CH2Sp2CH3,C(CH3)2S02CH3,CH2CONH2, CHgSCHg, imidaz-4-ylmethyl. CHaNHAc, 
CH2NHCOCF3 
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Chart 3c Structures of the R^COOH components 

C38 C39 C40 C41 




HO' "O' 

C42 C43 C44 C45 

C46 C47 C48 C49 



;sp2 
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Chart 4a Structures of the R^^R'^'^NH components 
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OH 
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A18 



Me^ ^Me 
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^ HN^(X)aMe 



A19 



R^ = all^, CH2S02CH3,C(CH3}2SO^CH3,CH2CONhl2, CH2SCH3, imida2-4-ylmethyl, CH2NHAC, 
CH2NHCOCF3 



-1025- 



wo 03/090690 



PCT/US03/12901 



Chart 5 Structures of the R^XCH2 groups. 




13 14 

Y = H. F 

O 



R^CH2 = 



15 16 17 18 

Y= H, OC2H5, OCHaCeH. 
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Chart 6 Examples of the linking groups between the scaffold and the phosphonate moiety. 
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Chart 7 Examples of the linking groups between the scaffold and the phosphonate moiety. 



Jink examples 



aryl, heteroaryi 




L22 L23 ^4 



cycloalkyj ^^OR"* 



cyclized 



amide 
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H Me 
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L27 1-28 

Me O 

Oetc etcNHv.^x-v.^..-v^K^^i II J 



L29 L30 L31 



Protection of reactive substituents* 

Depending on the reaction conditions employed, it may be necessary to protect certain 
reactive substituents from unwanted reactions by protection before the sequence described, 
and to deprotect the substituents afterwards, according to the knowledge of one skilled in the 
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art. Protection and deprotection of fiinctional groups are described, for example, in Protective 
Groups in Organic Synthesis, by T.W. Greene and P.GM Wuts, Wiley, Second Edition 1990. 
Reactive substituents which may be protected are shown in the acconq>anying schemes as, for 
exan5>le, [Om, [SEO, etc. 

5 

Preparation of the phosphonate ester intermediates 1 in which X is a direct bond* 



Schemes 1 and 2 ilhistrate the preparation of the phosphonate esters 1 in which X is a direct 
bond. As shown in Scheme 1, a BOC-protected cyclic aminoacid 1,1 is reacted with an amine 

10 1^ to afford the amide 13. The caiboxyKc acid LI in which Y is CH2 and and are H is 
commercially available (Bachem). The preparation of the carfooxyHc add 1.1 in which Y is S 
and R^ and R^ are CH3 is described in Tet. Asym, 13, 2002, 1201; the preparation of the 
carboxylic acid 1.1 in which Y is S and R^ is H and R^ is CH3 is described in JP 60190795; the 
preparation of the carboxylic acid 1.1 in which Y is S and R^ and R^ are H is described in EP 

15 0574135; the preparation of the carboxylic acid 1.1 in which Y is CH2, R^ is H and R^ is Q is 
described in EP 587311. 

The preparation of anddes from caiboxylic adds and derivatives is described, for exan^le, in 
Organic Functional Group Preparations, by S.R.Sandler and W. Karo, Academic Press, 1968, 
p. 274, and Conqjrehensive Organic Transformations, by R. C Larock, VCH, 1989, p. 972ff: 

20 The carboxylic acid is reacted with the amine in the presence of an activating agent, such as, 
' for exanq>le, dicyclohexylcarbodiimide or diisopropylcarbodiimide, optionally in the presence 
of, for example, hydroxybenztriazole, N-hydroxysuccinimide or N-hydroxypyridone, in a non- 
protic solvent such as, for exan^>le, pyridine, DMF or dicbloromethane, to afford the amide. 
Altemativety, the carboxylic acid may first be converted into an activated derivative such as 

25 the acid chloride, anhydride, mixed anhydride, imidazolide and the like, and then reacted with 
the amine, in the presence of an organic base such as, for example, pyridine, to afford the 
amide. 

The conversion of a caibo^Qdic acid into the corresponding acid chloride can be effected by 
treatment of the carboxylic acid with a reagent such as, for example, thionyl chloride or oxafyl 
30 chloride in an inert organic solvent such as dicbloromethane, optionally in the presence of a 
catalytic amount of dimethylformamide. Preferably, equimolar amounts of the carboxylic acid 
1.1 and the amine 1.2 are reacted togeth^ in tetrahydroiiiran solution in the presence of 
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dicyclohexylcarbodiimide and N-hydroxysucciniinide, for example as described in EP 574135, 
to yield the amide product 13. The BOC protecting group is then removed to give the free 
amine 1.4. The removal of BOC protecting groups is described, for exanoqple, in Protective 
Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, W^ey, Second Edition 1990, 

5 p. 328. The deprotection can be effected by treatment of the BOC compound with anhydrous 
acids, for example, hydrogen chloride or trifhioroacetic acid, or by reaction with trimetfaylsilyl 
iodide or ahmmum chloride. Preferably, the BOC protecting group is removed by treatment of 
the compound 13 with 8M methanesulfonic acid in acetonitrile, as described in Tet Asyni, 
13, 2000, 1201, to afford the amine 1.4. The latter confound is then reacted with a carboxyHc 

10 acid 1.5, to afford the amide 1.6. The preparation of the carboxylic acid reactants 1.5 is 
described below, (Schemes 41, 42). The reaction is performed under similar conditions to 
those described above for the preparation of the amide 13. Preferably, equnnolar amounts of 
the amine 1.4 and the carboxylic acid 1.6 are reacted in tetrahydrofuran solution at ambient 
ten^erature in the presence of dicyclohexylcarbodiimide and hydroxybenztriazole, for example 

15 as described in EP 574135, to yield the amide 1.6. The BOC protecting group is then removed 
from the product 1.6 to afford the amine 1.7, usiog similar conditions to those descril)ed above 
for the removal of BOC protecting group from the compound 1.3. Preferably, the BOC group 
is removed by treatment of the substrate 1.6 with a 4M solution of hydrogen chloride in 
dioxan at 0% for example as described in EP 574135, to give the amine product 1.7. 

20 The amine is then reacted with a carboxylic acid 1.8, or an activated derivative thereof, in 
which the substituent A is the group link-P(0)(0R^)2, or a precursor group thereto, such as 
. [OH], [SH], NH2, Br, etc, as described herein, to afford the amide 1.9. The preparation of the 
carboxylic acids 1.8 is described below in Schemes 45 - 49. The reaction between the amine 
1.7 and the carboxyUc acid 1.8 is conducted under similar conditions to those described above 

25 for the preparation of the amides 13 and 1.6. 

The procedures iQustrated in Scheme 1 describe the preparation of the compounds 1.9 in 
which the substituent A is either the group link-P(0)(0R^)2, or a precursor group thereto, 
such as [OH], [SH], [NH2I, Br, etc, as described herein. 
30 Scheme 2 depicts the conversion of the con5)ounds 1.9 in which the A is a precursor to the 
substituent lmk-P(0)(0R')2 into the compounds 1. Procedures for the conversion of the 
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substituents [OH], [SH], [NH2]> Br etc into the substituent link-P(0)(0R*)2 are described 
below in Schemes 45 - 101. 

Id the preceding and following schemes, the conversion of various substituents into the group 
link-P(0)(OR*)2 can be effected at any conv^ent stage of the synthetic sequence, as well as 
5 at the end. The selection of an appropriate step for the introduction of the phosphonate 

substituent is made after consideration of the chemical procedures required, and the stability of 
the substrates to those procedures. 

The phosphonate esters 5 - 12 in which the substituent R*CO is derived from one of tte 
10 carboxylic acids C38 - C49, as shown in Chart 3c, incorporate a carbamate linkage. Various 
methods for the preparation of carbamate groups are described below in Scheme 102. 
In the above and succeeding examples, the nature of the phosphonate ester group can be 
varied, either before or after incorporation into the scaffold, by means of chemical 
transformations. The transformations, and the methods by which they are accomplished, are 
15 described below (Scheme 103) 

Preparation of the phosphonate ester intermediates 1 in which X is sulfur. 

Schemes 3 and 4 illustrate the preparation of the phosphonate ester intennediates 1 in winch X 
20 is sulfur. Scheme 3 illustrates the reaction of the amine 13, prepared as described in Scheme 
1, with a carboxylic acid reagent 3.1, to give the amide product 3.2. The preparation of the 
carboxylic acid reagents 3.1 is described below in Schemes 43 and 44. The reaction between 
the carboxylic acid 3.1 and the amine 13 is performed under similar conditions to those 
described above for the preparation of the amide 1.6. The amide product 3.2 is then subjected 
25 to a deprotection reaction to remove the BOC substituent and afford the amine 3.3. The 

reaction is performed und^ similar conditions to those described in Scheme 1 for the removal 
of BOC protecting groups. The amine product 3.3 is then reacted with a carboxylic adkl 1.8, 
or an activated derivative thereof, in which the substituent A is the group link-P(0)(0R*)2, or 
a precursor group thereto, such as [OH], [SH], NH2, Br, etc, as described herein, to afford the 
30 amide product 3.4. The amide forming reaction is performed under similar conditions to those 
described above for the preparation of the amide 1.9. 
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Tbe procedures iDiistrated in Scheme 3 desoibe the preparation of the conipoiuids 3 A in 
which the substituent A is either the group lmk-P(0)(OR%, or a precursor group thereto, 
such as [OH], [SH], [NH2], Br, etc, as described herein. 

Scheme 4 depicts the conversion of the confounds 3 A in which the A is a precursor to the 
substituent link-P(0)(0R^)2 into the con^unds 1. Procedures for the conver^on of the 
substituents [OH], [SH], INH2], Br etc into the substituent link-P(0)(0R^)2 are described 
below in Schemes 45 - 101. 
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Scheme 1 




Preparatioii of the phosphonate ester intermediates 2 in which X is a direct bond. 
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Schemes 5 and 6 depict the preparation of the intermediate phosphonate esters 2 ia which X is 
direct bond. As shown in Scheme 5, the amine 1.7, prepared as described in Scheote 1, is 
reacted with a carboxyHc acid 5.1, or an activated derivative thereof in which the substituent 
A is the group hnk-P(0)(0R^)2, or a precursor group thereto, such as [OH], [SH], NH2, Br, 
5 etc, as described herein, to afford the amide product 5.2. The preparation of the carboxylic 
adds 5,1 is described below in Schemes 50 - 56, The amide forming reaction is performed 
under similar conditions to those described above for the preparation of the amide 1.9. 

The procedures illustrated in Scheme 5 describe the preparation of the compounds 5.2 in 
10 which the substituent A is either the group link-P(0)(0R^)2, or a precursor group thereto, 
such as [OH], [SH], [NH2], Br, etc. as described herein. 

Scheme 6 depicts the conversion of the compounds 5.2 in which the A is a precursor to the 
substituent hnk-P(0)(0R^)2 into the compounds 2. Procedures for the conversion of the 
substituents [OH], [SH], [NH2], Br etc into the substituent linl^-P(0)(0R^)2 are described 
15 below in Schemes 45 - 101. 

Preparation of the phosphonate ester intermediates 2 m which X is sulfur. 

Schemes 7 and 8 depict the preparation of the iatermediate phosphonate esters 2 in which X is 
20 sulfur. As shown in Scheme 7, the amine 3.3, prepared as described in Scheme 3, is reacted 
with a carboxylic acid 5.1, or an activated derivative thereof in which the substituent A is the 
group link-P(0)(0R^)2, or a precursor group thereto, such as [OH], [SH], NH2, Br, etc, as 
described hCTeio, to afford the amide product 7.1. The preparation of the carboxylic acids 5.1 
is described below in Schemes 50 - S6. The amide forming reaction is performed under similar 
25 conditions to those described above for the preparation of the amide 1.9. 

The procedures illustrated in Scheme 7 describe the preparation of the confounds 7.1 in 
which the substituent A is either the group link-P(0)(0R^)2, or a precursor group thereto, 
such as [OH], [SH], [NHz], Br, etc, as described herein. 
30 Scheme 8 depicts the conversion of the compounds 7.1 in which the A is a precursor to the 
substituent link-P(0)(0R^)2 into the conapounds 2. Procedures for the conversion of the 
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substituents [OH], [SB], [NH2], Br etc into the substituent link-P(0)(0R^)2 are described 
below in Schemes 45 - 101. 



Scheme 5 
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7.1 2 
Preparation of the phosphonate ester intennediates 3 in which X is a direct bond. 



10 



Schemes 9 and 10 depict the preparation of the intermediate phosphonate esters 3 in wliich X 
is direct bon± As shown in Scheme 9, tlie amine 1.7, prepared as described ia Scheme 1, is 
reacted with a caiboxylic acid 9.1, or an activated derivative thereof, in which tlie substituoit 
A is the group link-P(0)(0R')2, or a precursor group ttoreto, such as [OH], [SH], NH2, Br, 
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etc, as described herein, to afford the amide product 9.2. The preparation of the carboxylic 
acids 9.1 is described below in Schemes 57 - 60. The amide forming reaction is performed 
under similar conditions to those described above for the preparation of the amide 1.9. 

5 The procedures illustrated in Scheme 9 describe the preparation of the compounds 9.2 in 
which the substituent A is either the group link-P(O)(0R^)2, or a precxursor group thereto, 
such as [OH], [SH], [NHJ* Br, etc, as described herein^ 

Scheme 10 depicts the conversion of the confounds 9.2 in which the group A is a precursor 
to the substituent link-P(0)(0R^)2 into the conopounds 3. Procedures for the conversion of the 
10 substituents [OH], [SH], [NH2], Br etc into the substituent liDk-P(0)(OR% are described 
below in Schemes 45 - 101. 

Preparation of the phosphonate ester intermediates 3 in which X is sulfiir. 

15 Schemes 11 and 12 depict the preparation of the intermediate phosphonate esters 3 in which X 
is sulfur. As shown in Scheme 11, the amine 33, prepared as described in Scheme 3, is reacted 
with a carboxylic acid 9.1, or an activated, daivative thereof, in which the substituent A is the 
group link-P(0)(0R^)2, or a precursor group thereto, such as [OH], [SH], NH2, Br, etc, as 
described herein, to afford the amide product 11.1. The preparation of the carboxylic acids 9.1 

20 is described below in Schemes 57 - 60. The amide forming reaction is performed under simdlar 
conditions to those described above for the preparation of the amide 1*9. 
The procedures illustrated in Scheme 11 describe the preparation of the con[5)Ounds 11.1 in 
which the substituent A is either the group link-P(0)(0R^)2, or a precursor group thereto, 
such as [OH], [SH], [NH2], Br, etc, as described herein. 

25 

Scheme 12 depicts the conversion of the compounds 11.1 in which the A is a precursor to the 
substituent link-P(0)(0R^)2 iuto the conq>ounds 3. Procedures for the conversion of the 
substituents [OH], [SH], [NH2], Br etc into the substituent link-P(0)(0R*)2 are described 
below in Schemes 45 - 101. 

30 
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Schemes 




11.1 3 



Preparation of the phosphonate ester intermediates 4 in which X is a direct bond. 

5 Schemes 13 aad 14 depict the preparation of the intermediate phosphonate esters 4 in wbich X 
is direct bond. As shown in Scheme 13, the amine 1.7, prepared as described in Scheme 1, is 
reacted with a carboxylic acid 13.1, or an activated derivative thereof, in wbich the substituent 
A is the groiq) link-P(0)(OR%, or a precursor group thereto, such as [OH], [SH], NH2, Br, 
etc, as described herein, to aJSbrd the amide product 13.2. The preparation of the carbo^lic 
10 acids 13.1 is described below in Schenoies 61 - 66. The amide forming reaction is performed 
under similar conditions to those described above for the preparation of the amide 1.9. 
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Hie procedures illustrated in Scheme 13 describe the preparation of the con5)oimds 13.2 in 
which the substituent A is either the group link-P(0)(0R")2, or a precursor group thereto, 
such as [OH], [SH], [NHJ, Br, etc, as described herein. 

Scheme 14 depicts the conv^sion of the compounds 13.2 in which the A is a precursor to the 
5 substituent link-P(0)(OR% into the compounds 4. Procedures for the conversion of the 
suhstituents [OH], [SH], [NH2], Br etc into the substituent link-P(0)(0R^)2 are described 
below in Schemes 45 - 101. 

Freparation of the phosphonate ester intermediates 4 in which X is sulfur. 

Schemes 15 and 16 depict the preparation of the intermediate phosphonate esters 4 in which X 
is sulfor. As shown in Scheme 15, the amine 33, prepared as described in Scheme 3, is reacted 
with a carboxyUc acid 13.1, or an activated derivative thereof in which the substituent A is the 
group link-P(0)(0R^)2, or a precursor group thereto, such as [OH], [SH], NH2, Br, etc, as 

15 described herein, to afford the amide product 15.1. The preparation of the carboxyHc acids 
13.1 is described below in Schemes 61 - 66. The amide forming reaction is performed under 
sioiilar conditions to those described above for the preparation of the amide 1.9. 
The procedures illustrated in Scheme IS describe the preparation of the compounds 15.1 in 
which the substituent A is either the group link-P(0)(0R*)2, or a precursor group thereto, 

20 such as [OH], [SH], [NH2], Br, etc, as described herein. 

Scheme 16 depicts the conversion of the conapoimds 15.1 in which the A is a precursor to the 
substituent Iink-P(0)(0R^)2 into the con^imds 4. Procedures for the conversion of the 
suhstituents [OH], [SH], [NHi], Br etc into the substituent link-P(0)(0R^)2 are described 
below in Schemes 45 - 101. 

25 

Preparation of the phosphonate ester intermediates 5 in which X is a direct bond. 

Schemes 17 and 18 show the preparation of the intermediate phosphonate esters 5 in which X 
is a direct bond. As depicted in Scheme 17, the amine 1.4, prepared as described in Scheme 1, 
30 is reacted with the caiboxylic acid 17.1, or an activated derivative thereof, to yield the amide 
inroduct 17.2. The preparation of the carboxyUc acids 17.1 in which the group A is either the 
group link-P(0)(OR^)2, or a precursor group thereto, such as [OH], [SH], [NH2], Br, etc, is 
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described in Schemes 67 — 71. The amide forroiiig reaction is performed under similar 
conditions to those described above for the preparation of the amide 1.6. The BOC protecting 
group is then removed from the product 17.2 to afford the amine 173. The deprotection 
reaction is performed using similar conditions to those described above in Scheme 1. The 
5 resultant amine 173 is then reacted with a carboxyfic acid R^COOH or activated derivative 
thereof, 17.4 to give the amide 17.5. For those carboxylic adds R^COOH listed in Oiarts 3a 
and 3b, the reaction is performed using similar conditions to those described above for the 
preparation of the amide 1.9, (Scheme 1); for those carboxylic adds R^COOH listed in Chart 
3c, the reaction is performed using conditions described below (Scheme 102) for the 
10 preparation of carbamates. 

The procedures illustrated in Scheme 17 describe the preparation of the compounds 17.5 in 
which the substituent A is either the group link-P(0)(OR*^, or a precursor group thereto, 
such as [OH], [SH], [NH2], Br, etc, as described h^ein. 
IS Scheme 18 depicts the conversion of the conq)ounds 17^ in which the A is a precursor to the 
substituent link-P(0)(0R^)2 into the compounds 5. Procedures for the conversion of the 
substituents [OH], [SH], [NH2], Br etc into the substituent lmk-P(0)(0R^)2 are described 
below in Schemes 45 - 101. 

20 Preparation of the phosphonate ester intermediates 5 in which X is sulfur. 

Schemes 19 and 20 show the preparation of the intemoediate phosphonate esters 5 in which X 
is sulfur. As depicted in Scheme 19, the amine 1.4, prepared as described in Scheme 1, is 
reacted with the carbo^lic acid 19.1, or an activated derivative thereof, to yield the amide 

25 product 19.2. The preparation of the caiboxylic acids 19.1 in which the group A is either the 
group link-P(0)(0R*)2, or a precursor group thereto, such as [OH], [SH], [NH2], Br, etc, is 
described in Schemes 72 - 83. The amide forming reaction is performed under snnilar 
conditions to those described above for the preparation of the amide 1.6. The BOC protecting 
group is then removed from the product 19.2 to afford the amine 193. The deprotection 

30 reaction is performed using similar conditions to those described above in Scheme 1. The 
resultant amine 193 is then reacted with a carboxylic acid R COOH or activated derivative 
thereof 19.4 to give the amide 19.4. For those carboxylic acids R^COOH listed in Charts 3a 
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and 3b, the reaction is performed using sinrilar conditions to those described above for the 
preparation of the amide 1.9, (Scheme 1); for those carboxylic adds R^COOH listed in Chart 
3c, the reaction is performed using conditions described below (Scteme 102) for the 
preparation of carbamates. 

The procedures iOustrated in Scheme 19 describe the preparation of the conqpounds 19.4 in 
which the substituent A is either the group link-P(0)(0R^)2, or a precursor group thereto, 
such as [OH], [SHQ, [NH2], Br, etc, as described herein. 

Scheme 20 depicts the convorsion of the con^KJunds 19.4 in which the A is a precursor to the 
substituent link-P(0)(0R^)2 into the compounds 5. Procedures for the conversion of the 
substituents [OH], [SH], [NH2], Br etc into the substitUMit link-P(0)(0R')2 are described 
below in Schemes 45 - 101. 
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Scheme 13 
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Scheme 17 
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Preparation of the phosphonate ester intermediates 6 in which X is a direct bond* 

Schemes 21 and 22 illustrate the preparation of the phosphonate esters 6 in which X is a direct 
5 bond, hi this procedure, the carboxyHc acid 21.1, in which the group A is the substituent Knk- 
P(0)(0R*)2, or a precursor group thereto, such as [OH], [SH], INH2], Br, etc, as described 
herein, is reacted with the amine 1^ to afford the andde 21.2. The preparation of the 
carboxylic acids 21.1 is described below in Schemes 98 - 101. The reaction is performed under 
similar conditions to those described in Scheme 1 for the preparation of the amide 13. The 
10 product 21.2 is then deprotected to yield the free amine 21.3, using the procedures described 
above for the removal of BOC groups. The amine 21.3 is then converted, by reaction with the 
carboxylic acid 1.5, into the amide 21.4, using the conditions described above for the 
preparation of the amide 1.6. The amide 21.4 is then deprotected to afford the amine 21.5, and 
the lattCT compound is acylated with the carboxylic acid 17.4 to give the anoide 21.6. 

15 

The procedures illustrated in Scheme 21 describe the preparation of the coii?)ounds 21.6 in 
which the substituent A is either the group link-P(0)(0R^)2, or a precursor group thereto, 
such as [OH], [SH], [NH2], Br, etc, as described herein. 

Scheme 22 depicts the conversion of the conqwunds 21.6 in which the A is a precursor to the 
20 substituent link-P(0)(0R^)2 into the compounds 6. Procedures for the conversion of the 
substituents [OH], [SH], [NH2], Br etc into the substituent hnk-P(0)(0R^)2 arc described 
below in Schemes 45 - 101. 

Preparation of the phosphonate ester intermediates 6 in which X is sulfur. 

25 

Schemes 23 and 24 illustrate the preparation of the phosphonate esters 6 in which X is sulfur. 
In the procedure shovra in Scheme 23, the amine 21.3, prepared as described in Schenae 21, is 
reacted with the carboxylic acid 3.1 to afford the amide 23.1. The reaction is performed under 
similar conditions to those described in Scheme 1 for the preparation of the anride 13. The 
30 product 23.1 is then converted, by means of deprotection and acylation, as shown in Scheme 
21 for the conversion of the con:5>ound 21.4 into the conqx^und 21.6, into the amide product 
23.2. 
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The procedures illustrated ia Scheme 23 describe the po-eparation of the coix^unds 23*2 in 
which Ac substituent A is either the group ]ink-P(0)(0R^)2, or a precursor group thereto, 
such as [OH], [SH], [NH2], Br, etc, as described herein. 

Scheme 24 depicts the conversion of the con[5)ounds 23.2 in which the A is a precursor to the 
substituent link-P(0)(0R^)2 into the conipounds 6. Procedures for the conversion of the 
substituents [OH], [SH], [NH2], Br etc into the substituent liDk-P(0)(0R^)2 are described 
below in Schemes 45 - 101. 

Preparation of the phosphonate ester intermediates 7 in which X is a direct bond* 

Schemes 25 and 26 illustrate the preparation of the phoq>honate esters 7 in which X is a direct 
bond. As shown in Scheme 25, the carboxylic add 1.1 is reacted with the amine 25*1, in which 
the substituent A is either the group link-P(0)(0R^)2, or a precursor group thereto, such as 
[OH], [SH], [NH2], Br, etc, as described herein, to produce the amide 25^. The reaction is 
performed using similar conditions to those described above for the preparation of the amide 
13. The preparation of the amiues 25.1 is described below, in Schemes 84 - 87. The amide 
product 25.2 is then transformed, using the sequence of reactions shown in Scheme 21 for the 
conversion of the anride 21.2 into the compound 21.6, into the concqpound 25.3. 

The procedures illustrated in Scheme 25 describe the preparation of the compounds 253 in 
which the substituent A is either the group Iink-P(0)(0R^)2, or a precursor group thereto, 
such as [OH], [SH], [NH2], Br, etc, as described herein. 

Scheme 25 depicts the conversion of the confounds 253 in which the A is a precursor to the 
substituent link-P(0)(0R^)2 into the compounds 7. Procedures for the conversion of the 
substituents [OH], [SH], [NH2], Br etc into the substituent link-P(0)(0R^)2 are described 
below in Schemes 45 - 101. 

Preparation of the phosphonate ester intermediates 7 in which X is sulfur. 

Schemes 27 and 28 illustrate the preparation of the phosphonate esters 7 in which X is sulfur. 
As shown in Scheme 27, the BOC-protected amine 25.2 is deprotected to yield the free amine 
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27.1, using the conditions previously described The amine 27.1 is then reacted, as described 
above, with the carboxylic add 3.1 to afford the amide 27.2. The latter conq)omid is them 
transfonned, as described above, (Schenae 23) into the product 273. 

5 The procedures illustrated in Scheme 27 describe the preparation of the coiiq>oimds 273 in 
which the substituait A is either the group link-P(0)(0R^)2, or a precursor group thereto, 
such as [OH], [SH], [NH2], Br, etc, as described herein. 

Scheme 28 depicts the conversion of the conq>ounds 273 in which the A is a precursor to the 
substituent link-P(0)(OR^)2 into the con5>ounds 7. Procedures for the conversion of the 
10 substituents [OH], [SH], [NH2], Br etc into the substituent link-P(0)(0R*)2 are described 
below in Schemes 45 ~ 101. 
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Preparation of the phosphonate ester intermediates 8 in wliicli X is a direct bond. 



Schemes 29 and 30 illustrate the preparation of the phosphonate esters 8 in which X is a direct 
bond. As shown in Scheme 29, the carboxylic acid 1.1 is reacted with the amine 29.1, in which 
the substituent A is either the group link-P(0)(0R')2, or a precursor group thereto, such as 
[OH], [SH], [NHJ, Br, etc, as described herein, to produce the amide 29JI. The reaction is 
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performed using simflar conditions to those described above for the preparation of the amide 
1.3. The preparation of the amines 29,1 is described below, in Schemes 86 - 88. The amide 
product 29.2 is then transformed, using the .sequrace of reactions shown in Scheme 21 for the 
convCTsion of the amide 21.2 into the cong>ound 21.6, into the. compound 293. 

5 • 

The procedures ilhistrated in Scheme 29 describe the preparation of the compounds 293 in 
which the substituent A is either the group link-P(0)(0R^)2, or a precursor group thereto, 
such as [OH], [SH], [NH2], Br, etc, as described herein. 

Scheme 30 depicts the conversion of the compounds 293 in which the A is a precursor to the 
10 substituent link-P(0)(0R^)2 into the compounds 8. Procedures for the conversion of the 
substituents [OH], [SH], [NH2], Br etc into the substituent link-P(0)(0R*)2 are described 
below in Schemes 45 - 101. 

Preparation of the phosphonate ester intermediates 8 in which X is snifiir. 

15 

Schemes 31 and 32 illustrate the preparation of the phosphonate esters 8 in which X is sulfur. 
As shown in Scheme 31, the BOC-protected amine 29.2 is deprotected to yield the free amine 
31.1i using the conditions previously described. The amiae 31.1 is then reacted, as described 
above, with the carboxylic acid 3.1 to afford the amide 31.2. The latter con;q)ound is then 
20 transformed, as described above, (Scheme 23) into the product 313. 

The procedures illustrated in Scheme 31 describe the preparation of the confounds 313 in 
which the substituent A is either the group link-P(0)(0R^)2, or a precursor group thereto, 
such as [OH], [SH], [NH2], Br, etc, as described herein. 
25 Scheme 32 depicts the conversion of the confounds 31.3 in which the A is a precursor to the 
substituent link-P(0)(0R% into the con5)ounds 8. Procedures for the conversion of the 
substituents [OH], [SH], [NH2], Br etc into the substituent link-P(O)(0R^)2 are described 
below in Schemes 45 - 101. 

30 Preparation of the phosphonate ester intmnediates 9 in which X is a direct bond. 
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Schemes 33 and 34 illustrate the preparation of the phosphonate esters 9 in which X is a direct 
bond As shown in Scheme 33, the carboxylic acid 1.5 is reacted with the amine 33X in which 
the substituent A is eithCT the group ]ink-P(0)(0R*)2, or a precursor group thereto, such as 
[OH], [SH], [NHJ, Br, etc, as described herein, to produce the amide 33^. The reaction is 
5 performed using similar conditions to those described above for the preparation of the amide 
1.6 in Scheme 1. The preparation of the amines 33.1 is described below, in Scheanes 91 - 97. 
The amide product 33.2 is then transformed into the conq)ound 333, using the sequence of 
reactions shown in Scheme 21 for the conversion of the amide 21.4 into the coii5)ound 21.6. 

10 The procedures illustrated in Scheme 33 describe the preparation of the compounds 333 in 
which the substituent A is either the group link-P(0)(0R*)2, or a precursor group thereto, 
such as [OH], [SH], [NH2], Br, etc, as described herein. 

Scheme 34 depicts the conversion of the con^unds 333 in which the A is a precursor to the 
substituent Hnk-P(0)(0R*)2 into the con5)omids 9. Procedures for the conversion of the 
15 substituents [OH], [SH], [NH2], Br etc into the substituent link-P(0)(0R^)2 are described 
below in Schemes 45 - 101. 

Pr^aration of the phosphonate ester intermediates 9 in whidi X is sulfur. 

20 Schemes 35 and 36 iUustrate the preparation of the phosphonate esters 9 m which X is sulfur. 
As shown in Scheme 35 the amine 33.2 is transfom^ into 35.1 by similar means described 
above (Scheme 23) for converting 213 into 23.2. 

The procedures illustrated m Scheme 35 describe the preparation of the con5)ounds 35.1 in 
25 which the substituent A is either the group link-P(0)(0R^)2, or a precursor group thereto, 
such as [OH], [SH], [NH2], Br, etc, as described herein. 

Scheme 36 depicts the conversion of the conq)ounds 35.1 in which the A is a precursor to the 
substituent link-P(0)(0R^)2 into the compounds 9. Procedures for the conversion of the 
substituents [OHJ, [SH], [NH2], Br etc into the substituent link-P(0)(0R^)2 are described 
30 below in Schemes 45 - 101, 

Preparation of the phosphonate ester intermediates 10 in which X is a direct bond. 
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Schemes 37 and 38 ilhistrate the preparation of the phosphonate esters 10 in which X is a 
direct bond. As shown in Scheme 37, the carboxjdic add 1^ is reacted with the amine 37.1, in 
which the substiturat A is either the group link-P(0)(0R^)2, or a precursor group thereto, 
5 such as [OH], [SH], [NH2], Br. etc, as described herein, to produce the amide 37-2. The 

reaction is perform^ using similar conditions to those described above for the preparation of 
the amide l.d. The preparation of the amines 37.1 is described below, m Scheme 91-97. The 
amide product 37.2 is then transformed into the compound 373, using the sequence of 
reactions shown in Scheme 21 for the conversion of the amide 21.4 into the con5)ound 21.6. 

10 

The procedures iUustrated in Scheme 37 describe the preparation of the con5)ounds 373 ia 
which the substituent A is either the group link-P(0)(0R*)2, or a precursor group thereto, 
such as [OH], [SH], [NH2], Br, etc, as described herein. 

Scheme 38 depicts the conversion of the conq>ounds 373 in which the A is a precursor to the 
15 substituent link-P(0)(OR^)2 into the con^KJunds 10. Procedures for the conversion of the 
substituents [OH], [SH], [NH2], Br etc into the substituent Iink-P(0)(0R*)2 are described 
below in Schemes 45 - 101. 

Preparation of the phosphonate ester intermediates 10 in which X is sulfur. 

20 

Schemes 39 and 40 illustrate the preparation of the phosphonate esters 10 in which X is sulfiir. 
As shown in Scheme 39 the amine 37.1 is transformed into the product 39.1, as described 
above, (Scheme 23) for the conversion of 21.3 into 23.2. 

25 The procedures illustrated in Scheme 39 describe the preparation of the con^unds 39.1 in 
which the substituent A is either the group link-P(0)(0R^)2, or a precursor group thereto, 
such as [OH], [SH], [NH2], Br, etc, as described herein. 

Scheme 40 depicts the conversion of the co^^)ounds 39.1 in which the A is a precursor to the 
substituent link-P(0)(OR% into the compounds 10. Procedures for the conv^on of the 
30 substituents [OH], [SH], [NSh}, Br etc into the substitueait link-P(0)(0R*)2 are described 
below in Schemes 45 - 101. 
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Scheme 29 
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Scheme 33 
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Preparation of the BOC-protected aminohydroi^ phraylbutanoic acids 1.5. 



The preparation of the butanoic acid derivatives 1^ in which is phenyl is described, for 
example, in Tet. Asym., 2002, 13, 1201, Eur. J. MeA Chem., 2000, 35, 887, Chem. Pharm 
BuH, 2000, 48, 1310, J. Med. Chem., 1994, 37, 2918, J. Chem. Res., 1999, 282 and J. Med. 
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Chem., 1993, 36, 211. The analogs 1^ in which the substituent is as described in Chart 5 
are pr^ared by analogous reaction sequences. 

Schemes 41 and 42 illustrate two alternative procedures for the preparation of the reactants 

5 13. As shown in Scheme 41, the BOC-protected aniinoacid 41^1 is converted into the 

corresponding aldehyde 41*3, Numerous methods are known for the conversion of carboxylic 
acids and derivatives into the corresponding aldehydes, for example as described in 
Comprehensive Organic Transformations, by R. C. Larock, VCH, 1989, p. 619-627. The 
conversion is effected by direct reduction of the carboxylic acid^ for example en5)loying 

10 diisobutyl fllnmrnnTTi hydride, as described in L Gen. Chem. USSR., 34, 1021, 1964, or alkyl 
borane reagents, for exanq)le as described in J. Org. Chem., 37, 2942, 1972. Alternatively, the 
carboxylic acid is converted into an amide, such as the N-methoxy N-methyl amide, and the 
latter compound is reduced with lithiirai alinninum hydride, for exanqple as described in J. 
Med. Chem., 1994, 37, 2918, to afford the aldelq^de 413. Alternative^, the carboxylic acid is 

15 reduced to the corresponding carbinol 41.2. The reduction of carboxylic acids to carbinols is 
described, for exan5)le, in Conoprehensive Organic Transformations, by R C. Larock, VCH, 
1989, p. 548fiL The reduction reaction is performed by the use of reducing agents such as 
borane, as described in J. Am. Chem. Soc, 92, 1637, 1970, or by hthium aluminum hydride, as 
described in Org. Reac, 6, 649, 1951. The resultant carbinol 41*2 is then converted into the 

20 aldehyde 413 by means of an oxidation reaction. The oxidation of a carbinol to the 
corresponding aldehyde is described, for example, ia Conq)rehensive Organic 
Transformations, by R. C. Larock, VCH, 1989, p. 604ff. The conversion is effected by the use 
of oxidizing agents such as pyridioium chlorochromate, as described in J, Org. ChenL, 50, 262, 
1985, or sih^er carbonate, as described in Conq)t. Rend. Ser. C, 267, 900, 1968, or dimethyl 

25 sulfoxide/acetic anhydride, as described in J. Am. Chem. Soc, 87, 4214, 1965. Preferably, the 
carbinol 41.2 is converted into the aldehyde 413 by oxidation with pyridine-sulfiir trioxide io 
dimethyl sulfoxide, as described in Eur. J. Med. Chem., 35, 2000, 887. The aldehyde 413 is 
then transformed into the cyanohydrin 1.4. The transformation of an aldehyde into the 
-corresponding cyanohydrin is effected by reaction with an alkali metal cyanide such as 

30 potassium cyanide, in an aqueous organic solvent mixture. Preferably, a solution of the 
aldehyde in ethyl acetate is reacted with an aqueous solution of potassium cyanide, as 
described in Eur. J. Med. Chem., 35, 2000, 887, to yield the cyanohydrin 41.4. Optionalty, a 
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methanoHc solution of the aldehyde is first treated with an aqueous solution of sodium 
bisulfite, and the bisulfite adduct which is formed in situ is then reacted with an aqueous 
solution of sodium cyanide, as described in J. Med. ChenL, 37, 1994, 2918, to give the 
cyanohydrin 41.4. The latter conpound is then hydrolyzed to afford the hydroxyacid product 

5 41.5. The hydrolysis is effected under acidic conditions; for exan5)le, the cyanohydrin 41.4 is 
heated in a mixture of concentrated hydrochloric acid and dioxan, as described in Eur. J. Med. 
Caiem., 35, 2000, 887, optionally in the presence of anisole, as described in J. Med. CSiem., 37, 
1994, 2918, to afford the hydroxyacid product, from which the (2S), (3S) isomer 41.5 is 
isolated. The BOC protecting group is then attached, for example by reaction of the aminoacid 

10 41.5 with BOC anhydride in aqueous tetrahydrofiiran containing triethylamine, as described in 
Eur. J. Med. Chem., 35, 2000, 887. 

Alternatively, the BOC-protected ammohydroxy phenylbutanoic adds 1.5 are obtained by 
means of the reaction sequence shown in Scheme 42. In this sequence, the N, N-dibenzyl 

15 aminoacid ester 42.1, prepared as described in Tet., 1995, 51, 6397, is converted, using the 
procedures described above in Scheme 41, into the corresponding aldehyde 42.2. The latter 
conq>ound is then reacted with a silylmethyl Grignard reagent, for example 
isopropoxydimethylsflyhnethyhnagnesium chloride 42.3, to give the carbinol product 42.4. 
Preferably, the aldehyde and ca, two molar equivalents of the Grignard reagent are reacted in 

20 tetrahydrofuran solution at 0% as described in Tet. AsyriL, 2002, 13, 1201. The silyl carbinol 
42.4 is then reacted with aqueous ammonium chloride, as described in Tet. Asym., 2002, 13, 
1201, to give the diol 42.5. The N-benzyl groups are then removed to afford the free andne 
42.6. The removal of N-benzyl groups is described, for exanple, in Protective Groups in 
Organic Synthesis, by T. W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, p. 365. 

25 Benzyl groups are removed by catalytic hydrogenation in the presence of hydrogen or a 
hydrogen donor, by reduction with sodium in ammonia, by treatment with trichloroethyl 
chloroformate, or by oxidation, for example by the use of ruthenium tetroxide or 3- 
chloroperoxybenzoic acid and ferrous chloride. Prefarably, the debenzylation is effected by 
hydrogenation of the substrate 42.5 in ethanol at ca 50' in the presence of 5% palladium on 

30 carbon catalyst, as described in Tet. Asym, 2002, 13, 1201, to produce the amine 42.6. The 
BOC protecting group is then attached using the procedures described above, and the 
resultant product 42.7 is oxidized to give the carboxylic acid 1.5. The oxidation of carbinols to 
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afford the corresponding carboxylic acid is described in Coniprehensive Organic 
Transformations, by R. C. Larock, VGH, 1989, p. 835. The conversion can be effected by the 
sue of oxidizing agents such as chromium trioxide in acetic acid, potassium pemsanganate, 
ruthenium tetroxide or silver oxide. Preferably, the transformation is effected by the use of 
5 sodium chlorite and sodium hypochlorite in aqueous acetonitrfle in the presence of a pH 6.7 
phosphate buffer and a catalytic amount of 2,2,6,6,~tetramethy]p5)eridiQ-l-oxyl, as described 
in Tet. Asym., 2002, 13, 1201, to afford the carboxylic acid 1^. 

Preparation of the BOC-protected aminohydroxy arytthiobntanoic acids 3.1» 

10 

Schemes 43 and 44 illustrate two alternative methods for the preparation of the BOC- . 
protected aminohydroxy arylthiobutanoic acids 3.1. As shown in Scheme 43, N, N-dibenzyl 
serine methyl ester 43.1, prepared as described in J. Org. Chem., 1986, 63, 1709, is converted 
into the methanesulfonate ester 43.2. The carbinol is reacted with methanesulfonyl chloride 

15 and triethylamine in toluene, as described in J. Org. Chem., 65, 2000, 1623, to produce the 

mesylate 43.2. The latter compound is then reacted with a thiophenol R^SH, in the presence of 
a base, to give the thioether 43.4. The displacement reaction is performed in an organic 
solvent such as dimethylformamide, or in an aqueous organic solvent mixture, in the presence 
of an organic base such as triethylamine or dunethylaminopyridine, or an inorganic base such 

20 as potassium carbonate and the like. Preferably, the reactants are combined in toluene solution 
in the presence of aqueous sodium hydroxide and a phase transfer catatyst such as tetrabutyl 
ammonium bromide, as described in J. Org. Chem., 65, 2000, 1623, to afford the product 
43.4. The ester product is then transformed into the corresponding aldehyde 43.5, using the 
procedures described above (Scheme 41). The aldehyde is then converted, using the sequence 

25 of reactions shown in Scheme 41, into the BOC-protected aminohydroxy arylthiobutanoic 
acids 3.1. 

Alternatively, as shown in Scheme 44, the aldehyde 43.5 is converted, using the sequence of 
reactions shown in Scheme 42, into the product 3.1. The con[q>onent reactions of this 
sequence are performed under similar conditions to those described for the analogous 
30 reactions in Scheme 42. 

Preparation of phosphonate-containing hydroxymetiiyl benzoic acids 1.8. 
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Schemes 45 - 49 ilhistrate methods for the preparation of phosphonate-containing 
hydroxymethyl benzoic acids 1.8 which are en5)Ioyed in the preparation of the phosphonate 
esters 1. ' 

5 Scheme 45 illustrates a method for the preparation of hydroxymethylbenzoic add reactants in 
which the phosphonate moiety is attached directly to the phenyl ring. In this method, a suitabty 
protected bromo hydroxy methyl benzoic acid 45.1 is subjected to halogen-methyl exchange to 
afford the organometalHc intermediate 45.2. This compound is reacted with a chlorodialkyl 
phosphite 45.3 to yield the phenylphosphonate ester 45.4, which upon deprotection affords the 

10 caiboxylic acid 45<5. 

For example, 4-hromo-3-hydroxy-2-metliyIbenzoic acid, 45.6, prepared by bromination of 3- 
hydroxy-2-methyIbenzoic acid, as described, for example, J. Ana. Chem. Soc, 55, 1676, 1933, 
is converted into the acid chloride, for exanqple by reaction with thionyl chloride. The acid 
chloride is th^i reacted with 3-methyl-3-hydroxyniethyloxetane 45.7, as described in 

15 Protective Groiqis in Organic Synthesis, by T. W. Greene and P.GJM Wuts, Wiley, 1991, pp. 
268, to afford the ester 45.8. This compound is treated with boron trifluoride at 0^ to effect 
reairangement to the orthoester 45.9, known as the OBO ester. This material is treated with a 
silylating reagent, for example tert-butyl chlorodimethylsilane. in the presence of a base such 
as imidazole, to yield the sityl ether 45.10. Halogen-metal exchange is performed by the 

20 reaction of the substrate 45.10 with butyllithmm, and the Bthiated intermediate is then coupled 
with a chlorodialkyl phosphite 45.3, to produce the phosphonate 45.11. Deprotection, for 
example by treatment with 4-toluenesulfonic acid in aqueous pyridine, as described in Can. J. 
Chem., 61, 712, 1983, removes both the QBO ester and the silyl group, to produce the 
carboxylic acid 45.12. 

25 Using the above procedures, but enq>loying, in place of the bromo compound 45.6, different 
bromo conq>ounds 45.1, there are obtained the corresponding products 45.5. 

Scheme 46 illustrates the preparation of hydroxymethylbenzoic acid derivatives in which the 

phosphonate moiety is attached by means of a one-carbon link. 

30 In this method, a suitably protected dimethyl hydroxybenzoic acid, 46.1, is reacted with a 

brominating agent, so as to effect benzylic bromination. The product 46.2 is reacted with a 

sodium dialkyl phosphite. 463, as described in J. Med. Chem., 1992, 35, 1371, to effect 

- 1057 - 



wo 03/090690 



PCTAJS03/12901 



displacement of the benzyKc hronride to afford the phosphonate 46.4. Deprotection of the 
carboxyl function then yields the carboxylic acid 46^. 

For exanGple, 2,5-dimethyl-3-hydroxybenzoic acid, 46.6, the preparation of which is described 
in Can. J. Chem., 1970, 48, 1346, is reacted with excess methoxymethyl chloride, as described 

5 in Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Second Edition 
1990, p.l7, to afford the ether ester 46.7. The reaction is performed in an iuert solvent such as 
dichloromethane, in the presence of an organic base such as N-methylmorpholine or 
diisopropylethylamine. The product 46.7 is then reacted with a brominating agent, for exanople 
N-bromosuccinimide, in an inert solvent such as, for exan^le, ethyl acetate, at reflux, to afford 

10 the bromomethyl product 46.8. This compound is then reacted with a sodium dialkyl 
phosphite 463 in tetrahydrofuran, as described above, to afford the phosphonate 46.9. 
Deprotection, for exanqple by brief treatment with a trace of mineral acid in methanol, as 
described in J. Chem. Soc. Chem. Comm., 1974, 298, then yields the carboxyhc acid 46.10. 
Using the above procedures, but employing, in place of the methyl compound 46.6, different 

15 methyl con^unds 46.1, there are obtained the corresponding products 46.5. 

Schen^ 47 illustrates the preparation of phosphonate-containing hydroxymethylbenzoic acids 
in which the phosphonate group is attached by means of an oxygen or sulfur atom. 
In this method, a suitably protected hydroxy- or mercapto-substituted hydroxy methyl benzoic 
20 add 47.1 is reacted, und^ the conditions of the Mitsonobu reaction, with a dialkyl 
hydroxymethyl phosphonate 47.2, to afford the coupled product 473, which upon 
deprotection affords the carboxylic acid 47.4. 

For example, 3,6-dihydroxy-2-inethyIbenzoic acid, 47.5, the preparation of which is described 
in Yakugaku Zasshi 1971, 91, 257, is converted into the dq)henylmethyl ester 47.6, by 

25 treatment with d5)henyldiazoinethane, as described in Protective Groups in Organic Synthesis, 
by T. W. Greene and P.GJVI. Wuts, Wiley, 1991, pp. 253. The product is then reacted vnth 
one equivalent of a silylating reagent, such as, for example, tert butylchlorodimethylsilane, as 
described in Protective Groups in Organic Synthesis, by T.W. Greene and P.GJVI Wuts, Wiley, 
Second Edition 1990, p 77, to afford the mono-sityl ether 47.7. This con5)ound is then reacted 

30 with a dialkyl hydroxymethy^phosphonate 47.2, under the conditions of the Mitsonobu 

reaction. The preparation of aromatic ethers by means of the Mitsonobu reaction is described, 
for exan?>le, in Conq)rehensive Organic Transformations, by R. C. Larock, VCH, 1989, p. 
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448, and in Advanced Organic Chemistry, Part B, by F. A. Carey and K J. SundbCTg, Plenum, 
2001, p. 153-4 and in Org. React., 1992, 42, 335. The phenol or thiophenol and the alcohol 
con5)onent are reacted together in an aprotic solvent such as, for example, tetrahydrofuran, in 
the presence of a dialkyl azodicarboxylate and a triarylphosphine, to afford the ether or 
5 thioether products. The procedure is also described in Org. React., 1992, 42, 335-656, The 
reaction aJSbrds the coupled product 47.9. Deprotection, for exancple by treatment with 
triflubroacetic acid at ambient ten5)erature, as described in J. CheuL Soc., C, 1191, 1966, then 
affords the phenolic carboxylic acid 47.9. 

Usiag the above procedures, but employing, in place of the phenol 47.5, different phenols or 
10 thiophenols 47.1, there are obtained the corresponding products 47.4. 

Scheme 48 depicts the preparation of phosphonate esters attached to the 
hydroxyn^thylbenzoic acid moiety by means of unsaturated or saturated carbon chains. 
In this method, a diaDqrl alkenylphosphonate 48.2 is coupled, by rueans of a palladium 

15 catalyzed Heck reaction, with a suitably protected bromo substituted hydroxymethylbenzoic 
add 48.1. The coupling of aryl halides with olefins by means of the Heck reaction is described, 
for exan5)le, in Advanced Organic Chemistry, by F. A Carey and R. J. Sundberg, Plenum, 
2001, p. 503ff and in Acc. Chem. Res., 12, 146, 1979. The aryl bromide and the olefin are 
. coupled in a polar solvent such as dimethyKbrmamide or dioxan, in the presence of a 

20 palladium(0) catalyst such as tetrakis(trq)henylphosphine)palladium(0) or palladium(II) 
catafyst such as palladium(II) acetate, and optionally in the presence of a base such as 
triethylamine or potassium carbonate. The product 48.3 is deprotected to afford the 
phosphonate 48.4; the latter compound is subjected to catalytic hydrogenation to afford the 
saturated carboxylic acid 48.5. 

25 For example, 5-hromo-3-hydroxy-2~methylbenzoic acid 48.6, prepared as described in WO 

9218490, is converted as described above, into the silyl ether OBO estw 48.7. This compound 
is coupled with, for exanople, a dialkyl 4-buten-l-ylphosphonate 48.8, the preparation of which 
is described in J. Med. Chem., 1996, 39, 949, using the conditions described above to afiford 
the product 48.9. Deprotection, or hydrogenation/deprotection, of this con^und, as 

30 described above, then affords respectively the unsaturated and saturated products 48.10 and 
48.11. 
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Using the above procedures, but eiiq>loyiDg, in place of the bromo compound 48.6, different 
biomo conqjounds 48.1, and/or different phosphonates 48.2, there are obtained the 
corresponding products 48.4 and 48.5. 

5 Scheme 49 illustrates the preparation of phosphonate esters linked to the 
hydroxymethylbenzoic acid moiety by means of an aromatic ring. 

In this method, a suitably protected bromo-substituted hydroxymethylbenzoic acid 49.1 is 
conv^ed to the coiresponding boronic add 49.2, by metaHation with butyOithium and 
boronation, as desaribed in J. Qrganomet. Chem., 1999, 581, 82. The product is subjected to a 
10 Suzuki coupling reaction with a dialkyl bromophenyl phosphonate 49.3. The product 49.4 is 
then deprotected to afford the diaryl phosphonate product 49.5. 

For exaii5)le, the silylated OBO ester 49.6, prepared as described above, (Scheme 45), from 5- 
hromo-3-hydroxybenzoic acid, the preparation of which is described in J. Labelled. Comp. 
Radiopharrn., 1992, 31, 175, is converted into the boronic add 49.7, as described above. This 

15 material is coupled with a dialkyl 4-bromophenyl phosphonate 49.8, prepared as described in 
J. Chem. Soc. Perkin Trans., 1977, 2, 789, using tetrakis(triphenylphosphine)palladium(0) as 
catalyst, in the presence of sodium bicaibonate, as described, for exan^le, in Palladium 
reagents and catalysts J. Tsuji, Wfley 1995, p 218, to afford the diaryl phosphonate 49.9. 
Deprotection, as described above, then affords the benzoic acid 49.10. 

20 Using the above procedures, but en5)Ioying, in place of the hronoo compound 49.6, different 
bromo conq)Ounds 49.1, and/or different phosphonates 49 J, thare are obtained the 
corresponding carboxyHc acid products 49.5. 
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Scheme 41 
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Scheme 49 
Method 




Preparation of dimethylphenos^racetic acids 5.1 incorporating phosphonate moieties. 

5 The preparation of the dimethyJ^henoxyacetic acids 5.1 incorporating phosphonate moieties 
which are used in the preparation of the phosphonate esters 2 is described in Schemes 50 - 56. 

Scheme 50 illustrates two alternative methods by means of which 2,6-dimethylphenoxyacetic 
acids bearing phosphonate moieties may be prepared. The phosphonate group may be 

10 introduced into the 2,6-dimethylphenol moiety, followed by attachment of the acetic add 
group, or the phosphonate group may be introduced into a preformed 2,6- 
dimethylphenoxyacetic acid intermediate. In the first sequence, a substituted 2,6- 
dimethylphenol 50.1, in which the substituent B is a precursor to the group Bnk-P(0)(0R^)2, 
and in which the phenolic hydroxyl may or may not be protected, depending on the reactions 

15 to be performed, is converted into a phosphonate-containing coiqpound 50.2. Methods for the 
conversion of the substituent B into the group link-P(0)(0R^)2 are described in Schemes 46 - 
101. 

The protected phenolic hydroxyl group present in the phosphonate-containing product 50.2 is 
then deprotected, using methods described below, to afford the phenol 503. 
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The phenolic product 503 is then transfonned into the corresponding phrao:3^acetic acid 
50.4, in a two step procedure. In the first step, the phenol 503 is reacted with an ester of 
bromoacetic add 50.4, in which R is an alkyl group or a protecting group. Methods for the 
protection of carboxyKc acids are described in Protective Groups in Organic Synthesis, by 
5 T.W. Greene and KGM Wuts, WBey, Second Edition 1990, p. 224fif. The alkylation of 
phenols to afford phenolic eth^ is described, for exmsplt^ in Comprehensive Organic 
Transformations, by R. C Larock, VCH, 1989, p. 446ff. Typically, the phenol and the 
alkylating agent are reacted together in the presrace of an organic or inorganic base, such as, 
for example, diazabicyclononene, (DBN) or potassium carbonate, in a polar organic solvent 
10 such as, for example, dimethylformamide or acetonitrile. 

Preferably, equimolar amounts of the phenol 503 and ethyl bromoacetate are reacted together 
in the presence of c^um carbonate, in dioxan at reflux temperature, for example as described 
m US Patent 5914332, to afford the ester 503. 

* 

The thus-obtained ester 503 is then hydrolyzed to afford the carboxjdfc acid 50.6. The 
15 methods used for this reaction depend on the nature of the group R. If R is an alkyl group 
such as methyl, hydrolysis can be effected by treatment of the ester with aqueous or aqueous 
alcoholic base, or by use of an esterase enzyme such as porcine liver esterase, ff R is a 
protecting group, methods for hydrolysis are described in Protective Groups in Organic 
Synthesis, by T.W. Greene and P.G.M Wuts. Wiley, Second Edition 1990, p. 224ff 
20 Preferably, the ester product 503 which R is ethyl is hydrolyzed to the carboxylic acid 50.6 by 
reaction with lithhiTn hydroxide in aqueous methanol at ambient temperature, as described in 
US Patent 5914332. 

Alternatively, an appropriately substituted 2,6-dimethylphenol 50.8,. in which the substituent B 
is a precursor to the group lmk-P(0)(0R*)2, is transformed into the corresponding 

25 phenoxyacetic ester 50.7. The conditions employed for the alkylation reaction are similar to 
those described above for the conversion of the phenol 503 into the ester 503. 
The phenolic ester 50.7 is then converted, by transformation of the group B into the group 
link-P(0)(0R^)2 followed by ester hydrolysis, into the carboxylic add 50.6. The group B 
which is present in the ester 50.6 may be transformed into the group link-P(0)(0R^)2 either 

30 before or after hydrolysis of the estCT moiety into the carboxylic acid group, depending on the 
nature of the chemical transformations required. 
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Schemes 51 - 56 illustrate the preparation of 2,6-dunethylphenoxyacetic acids incorporating 
phosphonate ester groups. The procedures shown can also be applied to the preparation of 
phenoxyacetic est^ acids 50.7, with, if appropriate, modifications made according to the 
knowledge of one skilled in the art. 

5 

Scheme 51 iDustrates the preparation of 2,6-diinethy^)henoxyacetic acids incorporating a 
phosphonate ester which is attached to the phenolic group by n^ans of a carbon chain 
incorporating a nitrogen atonL The compounds 51.4 are obtained by means of a reductive 
alkylation leaction between a 2,6-dimethylphenol aldehyde 51.1 and an aminoalkyl 

10 phosphonate ester 51^. The preparation of anunes by means of reductive amination 

procedures is described, for example^ in Comprehensive Organic Transformations, by R. C. 
Larock, VCH, p. 421. In this procedure, the amine component 51.2 and the aldehyde 
coiq>onent 51.1 are reacted together in the presmce of a reducing ag^t such as, for exanople, 
borane, sodium cyanoborohydride or diisobutylaluminum hydride, to yield the amine product 

15 51.3. The anoination product 513 is then converted into the phenoxyacetic add compound 
51.4, using the alkylation and ester hydrolysis procedures described above, (Scheme 50) 
For example, equimolar amounts of 4-hydroxy-3,5-dimethyIbenzaldehyde 51.5 (Aldrich) and a 
dialkyl aminoethyl phosphonate 51.6, the preparation of which is described in J. Org. Chem., 
2000, 65, 676, are reacted together in the presence of sodium cyanoborohydride and acetic 

20 acid, as described, for example, in J. Am. ChenL Soc., 91, 3996, 1969, to afford the amine 
product 51.7. The product is then converted into the acetic acid 51.8, as described above. 
Using the above procedures, but ert5)loying, in place of the aldehyde 51.5, diSerent aldehydes 
51.1, and/or different aminoalkyl phosphonates 51 JS, the corresponding products 51.4 are 
obtained. 

25 

Scheme 52 depicts the preparation of 2,6-dimethylphenols incorporating a phosphonate group 
linked to the phenyl ring by means of a saturated or unsaturated alkyloie chain. In this 
procedure, an optionally protected hronoo-substituted 2,6-dimethyIphenol 52.1 is coupled, by 
means of a palladium-catalyzed Heck reaction, with a dialL^l alkenyl phosphonate 52.2. The 
30 coTq>]ing of aryl bromides with olefins by means of the Heck reaction is described, for 

example, in Advanced Organic Chenaistry, by F. A. Carey and R. J. Sundberg, Plenum, 2001, 
p. 503. The aryl bromide and the olefin are coupled in a polar solvent such as 
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dimethylformaiDide or dioxan, in the presence of a palladiu]n(0) ox palladiuin (2) catalyst. 
Following the coupling reaction, the product 523 is converted, using the procedures described 
above, (Scheme 50) into the corresponding phenoxyacetic acid 52.4. Attonatively, the olefinic 
product 523 is reduced to afford the saturated 2,6-dimethylphenol derivative 52^. Methods 
5 for the reduction of carbon-carbon double bonds are described, for exanq>le, in 

Conq>rehensive Organic Transformations, by R. C Larock, VCH, 1989, p. 6. The methods 
include catalytic reduction, or chemical reduction employing, for example, diborane or 
diimide. Following the reduction reaction, the product 52.5 is converted, as described above, 
(Schecoe 50) into the corresponding phenoxyacetic acid 52.6. 

10 For exanople, 3-bromo-2,6-dimethylphenol 52.7, prepared as described in Can. J. Chem., 
1983. 61, 1045, is convated into the tert-butyldimetltylsSlyl ether 52.8, by reaction with 
chloro-tert-but^dimethylsilane, and a base such as imidazole, as described in Protective 
Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts,. Wiley, Second Edition 1990 
p. 77. The product 52.8 is reacted with an equimolar amount of a dialkyl aDyl pho^honate 

15 52.9, for example diethyl aDylphosphonate (Aldrich) in the presence of ca. 3 mol % of 

bis(tripbenylphospfaine) palladiumCQ) chloride, in dimetbylformamide at ca. 60% to produce 
the coupled product 52.10. The sityl group is removed, for exaixq>Ie by the treatment of the 
ether 52.10 with a solution of tetrabutylammonium fluoride in tetrahydrofuran, as described in 
J. Am. ChenL, Soc., 94, 6190, 1972, to afford the phenol 52.11. This con5)Ound is converted, 

20 employing the procedures described above, (Scheme SO) into the corresponding phenoxyacetic 
acid 52.12. Alternatively, the unsaturated conqx>und 52.11 is reduced, for exanq>le by 
catalytic hydrogenation employing 5% palladium on carbon as catalyst, in an alcoholic solvent 
such as methanol, as described, for example, in Hydrogenation Methods, by R. N. Rylander, 
Academic Press, 1985, Ch. 2, to afford the saturated analog 52.13. This coropound is 

25 converted, ennploying the procedures described above, (Scheme 50) into the corresponding 
phenoxyacetic acid 52.14. 

Using the above procedures, but enq>loy]ng, in place of 3-bromo-2,6-dimethylphenol 52.7, 
different bromophenols 52.1, and/or different dialkyl alkenyl phosphonates 52.2, the 
corresponding products 52.4 and 52.6 are obtained. 

30 

Scheme 53 illustrates the preparation of phosphonate-containing 2,6-dimethylpheno^^cetic 
adds 53.1 in which the phosphonate group is attached to tte 2,6-din^tlQr]^henoxy moiety by 
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means of a carbocyclic ling. In this procedure, a bromo-substitated 2,6-dimethy^henol 53.2 is 
converted, using the procedures illustrated in Scheme 50, into the corresponding 2,6- 
dimethylph^oxyacetic ester 533. The latter conq)ound is then reacted, by means of a 
palladium-catalyzed Heck reaction, with a cycloalkenone 53.4, in which n is 1 or 2. The 
S coupling reaction is conducted under the same conditions as those described above for the 
prq>aration of the unsaturated phosphonate 523. (Scheme 52). The product 53.5 is then 
reduced catalyticaUy, as described above for the reduction of the phosphonate 523, (Scheme 
52), to afford the substituted cycloaBcanone 53.6. The ketone is then subjected to a reductive 
anoination procedure, by reaction with a dialkyl 2-aininoalkylphosphonate 53.7 and sodium 

10 triacetoxyborohydride, as described in J. Org. Chem., 61, 3849, 1996, to yield the amine 

phosphonate 53*8. Hie reductive amination reaction is conducted under the same conditions as 
those described above for the preparation of the amine 513 (Scheme 51). The resultant ester 
53*8 is then hydrofyzed, as described above, to afford the phenoxyacetic acid 53.1. 
For exaiiq>le, 4-bromo-2,6-dimethylphenol 53.9 (Aldrich) is converted, as described above, 

15 into the phenoxy ester 53.10. The latter confound is then coupled, ia dimethylformamide 
solution at ca. dO"", with cyclohexenone 53.11, in the presence of 

tetrakis(triphenylphosphine)paIIadiam(0) and triethylamine, to yield the cyclohexenone 53.12. 
Ibe enone is then reduced to the saturated ketone 53.13, by means of catalytic hydrogenation 
en^loying 5% paDadium on caifoon as catalyst. The saturated ketone is then reacted with an 
20 equimolar amount of a dialkyl aminoethylphosphonate 53.14, prepared as described in J. Org. 
Chem., 2000, 65, 676, in the presence of sodium cyanoborohydiide, to yield the amine 53.15. 
Hydrolysis, employing hthium hydroxide in aqueous methanol at anihbnt ten[]i>erature, then 
yields the acetic acid 53.16. 

Using the above procedures, but en^loying, in place of 4-bron30-2,6-d]methylpIiraol 53.9, . 
25 different faromo-substituted 2v6-dimethylphenols 53.2, and/or diff^^t cycloalkenones 53A 
and/or different dialkyl aminoalky^hosphonates 53.7, the correspondmg products 53.1 are 
obtained. 

Scheme 54 illustrates the preparation of 2,6'dimethylphenoxyacetic acids incorporating a 

30 phosphonate group attached to the phenyl ring by means of a heteroatom and an alkylene 

chain. The coii9>oimds are obtained by means of alkyladon reactions in which an optionally 

protected hydroxy, tMo or amino-substituted 2,6-diinethylphenol 54.1 is reacted, in the 
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presence of a base such as, for exan^le, potassium carbonate, and optionally in the presence 
of a catatytic amount of an iodide such as potassium iodide, with a dialkyl bromoalkyl 
phosphonate 54.2. The reaction is conducted in a polar organic solvent such as 
dimethylformamide or acetonitrile at from ambient tenq>erature to about 80\ The product of 
5 the alkyladon reaction, 543 is then converted, as described above (Scheme 50) into the 
pheno^acetic acid 54.4. 

For exanq)le, 2,6-din]ethyl-4-merc^tophenol 54*5, prepared as described in EP 482342, is 
reacted in dimethylformamide at ca. 60** with an eguimolar amount of a dialkyl bromobutyl 
phosphonate 54.6, the preparation of which is described in Synthesis, 1994, 9, 909, in the 
10 presence of ca. 5 molar equivalents of potassium carbonate, to afford the thioether product 
54.7. This compound is converted, employing the procedures described above, (Scheme 50) 
into the corresponding phenoxyacetic acid 54.8. 

Using the above procedures, but employing, in place of 2,6-dimethyl-4-mercaptophenol 54.5, 
difib*ent hydroxy, tfaio or aminophenols 54.1, and/or different dialkyl bromoallcyl 
15 phosphonates 54.2, the corresponding products 54.4 are obtained. 

Scheme 55 illustrates the preparation of 2,6-dia^thylphenoxyacetic acids incorporating a 
phosphonate ester group attached by means of an aromatic or heteroaromatic group. In this 
procedure, an optionally protected hydroxy, mercapto or amino-substituted 2.6- 

20 dimethylphenol 55.1 is reacted, under basic conditions, with a bis(halon^thyl)aryl or 

heteroary] conopound 55.2. Equimolar amounts of the phenol and the halomethyl compound 
are reacted in a polar organic solvent such as dimethylformamide or acetonitrile, in the 
presence of a base such as potassium or cesium carbonate, or dimethylaminopyridine, to afford 
the ether, thioether or amino product 55.3. The product 553 is then converted, using the 

25 procedures described above, (Scheme 50) into the phenoxyacetic ester 55.4. The latter 

con;>ound is then subjected to an Arbuzov reaction by reaction with a trialkyl^hosphite 55.5 
at ca. 100*" to afford the phosphonate ester 55.6. The preparation of phosphonates by means of 
the Arbuzov reaction is described, for example, in Handb. Qrganophosphorus Chem., 1992, 
1 IS. The resultant product 55.6 is then converted into the acetic acid 55.7 by hydrolysis of the 

30 ester moiety, using the procedures described above, (Scheme 50). 

For example, 4-hydroxy--2,6-dimethylphenol 55.8 (Aldrich) is reacted with one molar 
equivalent of 3,5-bis(chloromethy^yridine, the preparation of which is described in Eur. J. 
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Inorg. ChenL, 1998, 2, 163, to afford the ether 55.10. The reaction is conducted in acetonitrQe 
at ambient temperature in the presence of five molar equivalents of potassium carbonate. The 
product 55.10 is then reacted with ethyl bromoacetate, using the procedures described above, 
(Scheme 50) to afford the phenoxyacetic est^ 55.11. This product is heated at 100*" for 3 
5 hours with three molar equivalents of triethyl phosphite 55.12, to afford the phosphonate est^ 
55.13. Hydrolysis of the acetic ester moiety, as described above, for example by reaction with 
lithium hydroxide in aqueous ethanol, then affords the phenoxyacetic add 55.14. 
Using the above procedures, but employing, in place of the bis(chloromethyl) pyridine 55.9, 
difG^nt bis(halomethyl) aromatic or heteroaromatic conq>ounds 55 J2, and/or different 
10 hydroxy, m^capto or amino-substituted 2,6-din3ethylphenols 55.1 and/or different trialkyl 
phosphites 55.5, the corresponding products 55.7 are obtained. 



Scheme 56 illustrates the preparation of dimethy^henoxyacetic acids incorporating a 
phosphonate group attached by mans of an amide group. In this procedure, a carboxy- 

15 substituted 2,6-dimethylphenol 56.1 is reacted with a dialkyl aminoalkyl phosphonate 56.2 to 
afford the amide product 563. The amide-forming reaction is performed under similar 
conditions to those described above for the preparation of the amides 13 and 1*6. The product 
563 is then transfonned, as described above (Scheme 50) into the phenoxyacetic acid 56.4. 
For example, 3,5-dimethyl-4-hydroxybenzoic acid 56.5 (Aldrich) is reacted with a dialkyl 

20 aminoethylphosphonate 56.6, the preparation of which is described in J. Org. Cheia, 2000, 
65, 676, in tetrahydroforan solution in the presence of dk^yclohexylcaibodiimide to produce 
the amide 56.7. The product is then transformed, as described above, (Scheme 50) into the 
corresponding phenoxyacetic add 56.8. 

Using the above procedures, but employing, in place of 3,5-diiDethyl-4--hydro^benzoic acid 
25 56j5, different carboxy-substituted 2,6-dimethylphenols 56.1, and/or different dialkyl 
aminoalkyl phosphonates 56.2, the corresponding products 56.4 are obtained. 
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Scheme 56 
Method 
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Preparation of quinoline 2-carbosyIic adds 9.1 incorporating phosphonate moieties. 

5 Hie reaction sequences depicted in Schemes 9 - 12 for the preparation of the phosphonate 
esters 3 employ a quinofin&-2-carbo:xylic acid reactant 9.1 in which the substituent A is eith^ 
the group link-P(0)(OR% or a precursor thereto, such as [OH], [SH] Br etc. 
A number of suitably substituted quinoline-2-carboxylic acids are available commercially or 
are described in the chemical literature. For exan^le, the preparations of 6-hydroxy, 6-amino 

10 and 6-bron[K>quinoline-2-carboxylic acids are described respectively in DE 3004370, J. Het 
Chem., 1989, 26, 929 and J. Labefled Comp. Radiopharm., 1998, 41, 1103, and the 
preparation of 7-aminoquinoliDe-2-carboxyIic acid is described in J. Amu Chem Soc,, 1987, 
109, 620. Suitably substituted quino]ine^2-carboxy]ic acids can also be prepared by procedures 
known to those skilled in the art The synthesis of variously substituted quinolines is described, 

15 for exan^le, in Chemistry of HeterocycHc Confounds, VoL 32, G. Jones, ed., Wiley, 1977, p 
93ffl Quinoline-2-^arboxylic acids can be prepared by means of the Friedlander reaction, 
which is described in Chemistry of Heterocyclic Conq>ounds, VoL 4, R. C. Elderfield, ed, 
Wiley, 1952, p. 204. 



20 Scherue 57 illustrates the preparation of quinoliQe-2-carboxylic acids by means of the 

Friedlander reaction, and further transfonoations of the products obtained. In this reaction 
sequence, a substituted 2-anmnobenzaldehyde 57.1 is reacted with an alkyl pyruvate ester 57.2, 
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in the presence of an organic or inorganic base, to afford the substituted quinoline-2- 
carboxylic ester 57.3. Hydrolysis of the ester, for exaiiq>le by the use of aqueous base, then 
afford the corresponding carboxyfic acid 57.4. The carboxylic acid product 57.4 in which X is 
NH2 can be further transformed into the corresponding conopounds 57.6 in which Z is OH, SH 
5 or Br. Tbc latter transfornmtions are eJ^ted by means of a diazotization reaction. The 
conversion of aromatic amines into the corresponding phenols and bromides by noeans of a 
diazotization reaction is described respectively in Synthetic Organic Chemistry, R. B. Wagner, 
H. D. Zook, Wiley, 19S3, pages 167 and 94; the conversion of amines into the corresponding 
thiols is described in Sulfur Lett., 2000, 24, 123. The amine is first converted into the 

10 diazonium salt by reaction with nitrous acid. The diazonium salt, preferably the diazonium 
tetrafluoborate, is then heated in aqueous solution, for exaiqple as described in Organic 
Fiuu3ctional Group Preparations, by S.R.SandIer and W. Karb, Academic Press, 1968, p. 83, to 
afford the corresponding phenol 57.6, Y = OH. Alternative^, the diazonium salt is reacted in 
aqueous solution with cuprous bromide and lithium bromide, as described in Organic 

15 Functional Group Preparations, by S.R.SandlCT and W. Karo, Academk; Press, 1968, p. 138, 
to yield the corresponding bronoo compound, 57.6, Y = Br. Alternatively, the diazonium 
tetrafluoborate is reacted in acetonitrile solution with a sulfhydryl ion exchange re^ as 
described in Sulfiir Lett., 2000, 24, 123, to afford the thiol 57.6, Y = SH. Optionally, the 
diazotization reactions described above can be performed on the carboxylic est^ 573 instead 

20 of the carbo^grHc adds 57.5. 

For exan:iple, 2,4-dianajnobenzaldehyde 57;7 (Apin Chenoicals) is reacted v/iOoi one molar 
equivalent of methyl pyruvate 57.2 in methanol, in the presence of a base such as pq>eridine, to 
afford methyl-7-amiaoquino]ine-2-carboxylate 57.8. Basic hydrolysis of the product, 
en:^lpying one molar equivalent of lithium hydroxide in aqueous methanol, then yields the 

25 carboxylic acid 57 The amino-substituted carboxylic acid is then converted into the 

diazonium tetrafluoborate 57.10 by reaction with sodium nitrite and tetrafhioboric acid. The 
diazonium salt is heated in aqueous solution to afford the 7-hydroxyquinoIine-2-carboxylic 
add, 57.11, Z = OH. Alternatively, the diazonium tetrafluoborate is heated in aqueous organic 
solution with one molar equivalent of cuprous bromide and lithium bromide, to afford 7- 

30 bromoquinoline-2-caiboxylic acid 57.11, Z = Br. Alternatively, the diazonium tetrafluoborate 
57.10 is reacted in acetonitrile solution with the sulfhydryl form of an ion exchange resin, as 
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described in Sulfur Lett., 2000, 24, 123, to prepare 7-inercaptoqumolme-2-carboxylic add 
57.11, Z = SH. 

Using the above procedures, but etcp]o)dng, in place of 2,4-diaiDinobenzaldehyde 57.7, 
different aininobenzaldehydes 57.1, the corresponding amino, hydroxy, hromo or m^apto- 
S substituted quhioline-2-caiboxylic acids 57.6 are obtained. The variously substituted quinoliae 
carboxylic acids and esters can then be transformed, as described herein, (Schemes 58 — 60) 
into phosphonate-containing derivatives. 

Scheme 58 depicts the preparation of quinoline-2-carboxylic acids incorporating a 

10 phosphonate nM>iety attached to the quinolhie ring by means of an oxygen or a sulfur atom. In 
this procedure, an amino-'Substituted quinoHne-2-carboxylate ester 58.1 is transformed, via a 
diazotizadon procedure as described above (Scheme 57) into the corresponding phraol or 
thiol 58.2. The latter compound is thra reacted with a dialkyl hydro3^methylphosphonate 
583, under the conditions of the Mitsonobu reaction, to afford the phosphonate ester 58 A 

15 The preparation of aromatic ethers by means of the Mitsonobu reaction is described, for 

exanq>le, in Conqprehensive Organic Transformations, by R. C. Larock, VCH, 1989, p. 448, 
and in Advanced Organic Chemistry, Part B, by FA. Carey and R. J. Sundberg, Plenum, 2001, 
p. 1S3-4. The phenol or thiophenol and the alcohol component are reacted together in an 
aprotic solvent such as, for exaiiq)le, tetrahydrofuran, in the presence of a diaikyl 

20 azpdicarboxylate and a triarylphosphine, to afford the ether or thioether products 58.4. Basic 
hydrolysis of the ester group, for exanq>le enq>loying one molar equivalent of lithium 
hydroxide in aqueous methanol, then yields the caiboxylic add 58.5. Ibe product is then 
coupled with a suitabfy protected aminoacid derivative 58.6 to afford the amide 58.7. The 
reaction is performed under similar conditions t those described above for the preparation of 

25 the amide 1.6 (Scheme 1). The ester protecting group is the removed to yield the carboxylic 
acid 58.8. 

For exan^le, methyl 6-anajno-2'-quinoline carboxylate 58.9, prepared as described in J. Het. 
Chem., 1989, 26, 929, is converted, by means of the diazotization procedure described above, 
into methyl 6-mercaptoquinoline-2-carboxylate 58.10. This material is reacted with a dialkyl 
30 hydroxymethylphosphonate 58.11 (Aldrich) in the presence of diethyl azodicarboxylate and 
trq>bmylphosphine in tetrahydrofuran solution, to afford the thioether 58.12. Basic hydrotysis 
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then afford the carboxylic add 58.13. The latter con?)Ound is then converted, as described 
above, into the annnoacid d^ivative 58.16. 

Using the above procedures, but employing, in place of methyl 6-amino-2-quiDoline 
caibosg^late 58.9, different aminoquinoline carboxylic esters 58.1^ and/or diffident diallQrl 
5 bydroxymethylphosphonates 583 the corresponding phosphonate ester products 58.8 are 
obtained. 

Scheme 59 illustrates the preparation of quinoline-2-<:arboxylic adds incorporating 
phosphonate esters attached to the quinoline ring by means of a saturated or unsaturated 

10 carbon chain. In this reaction sequence, a bromo-substituted quinoline carbo^Qrhc ester 59.1 is 
coiq[>led, by means of a palladiumrcatalyzed Heck reaction, with a dialkyl alkenylphosphonate 
59 The coupling of aryl halides with olefins by means of the Heck reaction is described, for 
exan^le, in Advanced Organic Chemistry, by R A. Carey and R. J. Sundberg, Plmum, 2001, 
p. 503ff. The aryl bronoide and the olefin are coupled in a polar solvent such as 

15 dimethylformamide or dioxan, in the presence of a palladium(0) catalyst such as 

tetralds(tripheny]phosphine)palladimxi(0) or palladium(II) catalyst such as pa]ladium(II) 
acetate, and optionally in the presence of a base such as triethylamine or potassium carbonate. 
Thus, Heck coupling of the bromo compound 59.1 and the olefin 59.2 affords the olefinic 
ester 59.3. Hydrolysis, for example by reaction with lithium hydroxide in aqueous methanol, or 

20 by treatment with porcine liver esterase, then yields the carboxylic acid 59.4. The latter 
confound is then transfonned, as described above, into the homolog S9S. Optionally, the 
unsaturated carboxylic acid 59.4 can be reduced to afford the saturated analog 59.6. The 
reduction reaction can be effected chemically, for exanq>le by the use of diimide or diborane, 
as described in Con9>rehen5ive Organic Transformations, by R. C. Larock, VCH, 1989, p. 5, 

25 or catalytically. The product 59.6 is then converted, as described above (Scheme 58) into the 
aminoadd derivative 59.7. 

For exanq>le, methyl 7-hronioquinoline-2-carboxylate, 59.8, prepared as described in J. 
Labelled Conq). RadiophamL, 1998, 41, 1 103, is reacted in dimethylformamide at 60"" with a 
dialkyl vinylphosphonate 59.9 (Aldrich) in the presence of 2 mol% of 
30 tetrakis(triphenylphosphine)pa]ladium and triethylamine, to a£ford the coupled product 59.10 
The product is then reacted with lithium hydroxide in aqueous tetrahydrofiiran to produce the 
carboxylic acid 59.11. Tte latter compound is reacted with diimide, prepared by basic 

- 1072 ' 



wo 03/090690 PCTAJS03/12901 

hydrolysis of diethyl azodicarboxylate, as described in Angew. Chem. Int. Ed., 4, 271, 1965, 
to yield the saturated product 59.12. The latter con^>ound is then converted, as described 
above, into the aminoacid dmvative 59.13. The unsaturated product 59.11 is similarly 
converted into the analog 59.14. 
5 Using the above procedures, but enoployiDg, in place of methyl 6-hronio-2- 

guinolinecarboxylate 59.8, diffisrent bronooquinoline carboxylic esters 59.1^ and/or different 
dialkyl alkeny^hosphonates 59.2, the corresponding pbosphonate ester products 59.5 and 
59.7 are obtained. 

10 Scheme 60 dqiicts the preparation of quinoline-2-carboxylic add derivatives 60.5 in which the 
pbosphonate group is attached by means of a nitrogen atom and an alkylene chain. In this 
reaction sequence, a methyl aminoquinoIine-2-carboxylate 60.1 is reacted with a pbosphonate 
aldehyde 60.2 under reductive amination conditions, to afford the aminoalkyl product 603. 
The preparation of amines by means of reductive amination procedures is described, for 

15 example, in Con5)rehensive Organic Transformations, by R. C. Larock, VCH, p 421, and in 
Advanced Organic Chemistry, Part B, by RA. Carey and R. J. Sundberg, Plenum, 2001, p 
269. In this procedure, the amine component and the aldehyde or ketone coiiq)onent are 
reacted together in the presence of a reducing agent such as, for exanq)le, borane, sodium 
cyanoborohydride, sodium triacetoxyborohydride or diisobutylahuninum hydride, optionalty in 

20 the presence of a Lewis add, such as titanium tetraisopropoxide, as described in J. Org. 

Chem., 55, 2552, 1990. The ester product 60.3 is then hydrolyzed to yield the free carboxyKc 
add 60.4. The latter conq>ound is then converted, as described above, into the aminoadd 
derrsrative 60.5. 

For example, methyl 7-aminoquinoline-2-carboxylate 60.6, prq^ared as described in J. Ana. 

25 Chem. Soc., 1987, 109, 620, is reacted with a dialkyl formylmethy^)hosphonate 60.7 (Aurora) 
in methanol solution in the presence of sodium borohydride, to afford the alkylated product 
60.8. The ester is then hydrolyzed, as desoibed above, to yitU the carbo^Qrlic acid 60.9. The 
latter co]iq>ound is then converted, as described above, into the aminoackl derivative 60.10. 
Using the above procedures, but employing, in place of the formyhnethyl pbosphonate 60.7, 

30 different formylalkyl phosphonates 60.2, and/or diffearent aminoquinoHnes 60.1, the 
corresponding products 60.5 are obtained. 
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Preparatioii of S-hydrosyisoquiiioIine derivatiyes 13.1 incorporating phosphonate 
moieties. 

Schemes 61-65 illustrate methods for the preparation of the 5-hydroxyisoquinoIme 
5 derivatives 13.1 which are employed in the preparation of the int^mediate phosphonate esters 
4. 

A nmnb^ of substituted S-hydroxyisoquinolines are commercially available, or have syntheses 
described in the literature. The synthesis of substituted S-hydro^gdsoquinolines is described, 
for example, in HeterocycMc Conq)0imds, Vol 38, Part 3, E. M. Coppola, H. F. Schuster, 
10 eds., Wiley, 1995, p. 229fif, and in Heterocyclic Chemistry, by T. L. Gilchrist, Longman, 1992, 
p. 162ff. 

Scteme 61 illustrates methods for the preparation of substituted S-hydroxyisoquinolines. As 
shown in Method 1, variously substituted 3-hydroxybenzalddiydes or 3-hydroxyphenyl 

IS ketones 61*1 are reacted with substituted or unsubstituted 2, 2-dialkoxyethylamines 61.2 in a 
procedure known as the Pomeranz-Fdtsch reaction. The reactants are combined in a 
hydrocazbon solvent such as tolume at reflux tenq>erature with azeotropic removal of wat^, 
to yield the inune product 613. The lattCT conq>omid is then subjected to acid-catalyzed 
cyclization, for exanq>le as described in Heterocyclic Chemistry, by T. L. Gilchrist, Longman, 

20 1992, p. 164, to yield the substituted 5-hydroxyisoquinoline 61.4. 

Scheme 61, Method 2 illustrates the preparation of variously substituted 5- 
hydroxyisoquinolines from the corresponding amino-substituted confounds. In this 
procedure, a suitably protected amino-substituted S-hydroxyisoquiuoline 61.5 is subjected to a 
diazotization reaction to afford the diazomum tetrafluoborate, using the conditions described 

25 above in Scheme 57. The diazonium salt is then converted, as described above, into the 
corresponding hydroxy, mercapto or halo derivative 61.7. 

Scheme 62 illustrates the preparation of the isoquinolinyl-S-oxyacetic acids 62J2 and the 
conv^^on of these con^unds into the corresponding aminoacid derivatives 13*1. In this 
30 procedure, the 5-hydroxyisoquinoIine substrate 62.1, in which the substituent A is either the 
group link-P(0)(0R^)2, or a precursor group thereto, such as [OH], [SH], Pfflz], Br, etc, as 
described h^m, is convmed into the corresponding aryloxyacetic acid 62.2. The procedures 
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enqployed for this transfbnnation are the same as those described above, (Scheme 50) for the 
conversion of 2,6-dimethoxyphenol derivatives into the corresponding phenoxyacetic acids. 
The product 6Z2 is then transformed, as described above, (Scheme 57) into the aminoacid 
derivative 13.1. 

5 Schemes 63-65 iDustrate the preparation of S-hydroxyisoquinoline derivatives incorporating 
phosphonate substituents. The quinolinol products are then converted, as described above, 
into analogs of the aminoacid derivative 13.1. 

Scheme 63 iDustrates the preparation of 5-hydroxyisoquinoline daivatives in which a 
10 phosphonate substituent is attached by means of an amide bond. In tliis procedure, an amino- 
substituted S-hydroxyisoquinolme 63.1 is reacted vwth a dialkyl caiboxyalkyl phosphonate 
63.2 to afford the amide 633. The reaction is effected as described above for the preparation 
of the amides 1.3 and 1.6. 

For exanq)le, 8-amino-5-hydroxyisoquinoline 63.4, the preparation of which is described in 
15 Syn. Comm., 1986, 16, 1557, is reacted in tetrahydrofiiran solution vwth one noolar equivalent 
of a dialkyl 2-carboxyethyl phosphonate 63.5 (Epsilon) and dicyclohexyl carbodiimide, to 
produce the amide 63.6, 

Using the same procedures, but employing, in place of the S-amino qmnolinol 63.4, different 
aminoquinolinols 63.1, and/or difiBsrent dialkyl carboxyalkyl phosphonates 63.2, the 
20 conesponding products 633 are obtained. 

Scheme 64 illustrates the preparation of 5-hydroxyisoquinoline dmvatives m which a 
phosphonate substituent is attached by means of a carbon link or a carbon and a heteroatom 
link. In this procedure, a metiiytsubstituted 5-hydroxyisoquinoline 64.1 is protected, and the 

25 product 64.2 is reacted with a free radical brommating agent, for example N- 

bromosuccioimide, as described m Chem. Rev., 63, 21, 1963, to afford the bromomethyl 
derivative 643. The latter compound is reacted with a trialkyl phosphite (R^O)3P under the 
conditions of the Afbuzov reaction, as described in Scheme 55, to yield the phosphonate 64.4; 
deprotection then affords the phenol 64.5. 

30 Alternatively, the protected bromomethyl derivative 643 is reacted with a dialkyl hydroxy, 
mercapto or andno-substituted alkyl phosphonate 64.6, to afford the alkylarion product 64,7. 
The displacement reaction is conducted in a polar organic solvent such as dimethyl fonnamide, 
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acetonitrile and the like, in the prescaice of a base such as sodium hydride or lithium 
hexamethyldisilazide, for substrates in which X is or potassium carbonate for substrates in 
which X is S or N. The protecting group is thm removed from the product 64.7 to yield the 
phenolic product 64.8. 

5 For example, 5-hydroxy-l-methylisoquinoline 64.9, prepared as described in J- Med. Chem., 
1968, 1 1, 700, is reacted with acetic anhydride in pyridine to afford S-occtoxy-U 
methylisoquinoHne 64.10. The latter conq^ound is reacted with N-bromosucdnimide in 
refluxing ethyl acetate to yield S-acetoxy-l-bromomethyHsoquinoline 64.11. The product is 
then reacted with five molar equivalents of a trialkyl phosphite at 120' to give the phosphonate 

10 product 64.12. The acetoxy group is hydrolyzed by reaction with sodium bicarbonate in 
aqueous methanol as described in J. Am. ChenL Soc., 93, 746, 1971, to produce the phenol 
64.13. 

Using the above procedures, but employing, in place of 5-hydroxy-l-methylisoquinoline 64.9, 
different hydroxymethyHsoquinolmes 64.1, the corresponding products 64.5 are obtained. 

15 As a further illustration of the method of Scheme 64, as shown in Example 2, 5-hydro^-3- 
methyBsoquinoline 64.14, prepared as described in J. Med. Otem., 1998, 41, 4062. is reacted 
with one molar equivalent of tert butyl chlorodimethylsilane and imidazole in dichloromethane 
to yield the silyl ether 64.15. The product is brominated, as described above, to afford 3- 
bromomethyl-S-tert. butyldimethylsilyloxyisoquinoline 64.16. The bromomethyl con?)ound is 

20 then reacted in dimethylformamide at 60** with one molar equivalent of a diaHsyl mercaptoethyl 
phosphonate 64.17, prepared as described in Zh. Obschei. Khim., 1973, 43, 2364, and 
potassnm carbonate, to give the thioether product 64.18; deprotection, for example by 
treatment with IM tetrabutylammonium fluoride in tetrahydrofuran, then yields the phenol 
64.19. 

25 Using the above procedures, but employing, in place of 5-hydroxy-3-methylisoquinoline 
64.11, different hydroxymethylisoquinolines 64.1, and/or different hetero-substituted alkyl 
phosphonates 64.6, the corresponding products 64.8 are obtained. 

Scheme 65 ilhistrates the preparation of 5-hydroxyisoquinoline derivatives incorporating a 
30 phosphonate moiety attached by means of a heteroatom and an alkylene chain. In this 
procedure, the phenolic hydroxyl group of 5-hydroxyisoquinolin-l-one 65.1 (Acros) is 
protected. The protection of phraiolic hydroxyl groups is described, for example, in Protective 
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Groups in Organic Synthesis, by T.W. Greene and P.GJM Wuts, Wiley, Second Edition 1990, 
p. 143ft The product 6SJ2 is then converted into the hromo analog 653, for exanple by 
reaction with phosphorus oxyhromide, as described in Heterocyclic Conqpounds, VoL 38, Part 
2, E. M. Coppola, H. R Schuster, eds„ Wiley, 1995, p. 13ff: The bromo con5)ound is then 

5 reacted with a dialkyl hydroxy, mearcapto or amino-substituted alkyl phosphonate 65.4, to 
afford the displacement product 65.5. Tbe displacement reaction of 2-haloisoquinolines with 
nucleophiles to produce ethers, thioethers and amines is desoibed in Heterocychc Chemistry, 
by T. L. Gilchrist, Longman, 1992, p. 165. The reaction is conducted in an organic solvent 
such as dimethylfonnamide, toluene and the like, in the presence of a base such as sodium 

10 hydride or potassium carbonate. The phenolic hydroxy! group is then deprotected to yield the 
phenol 65.6. 

For exan^le, 5-hydroxyisoquinolin-l-one 65.1 is reacted with one molar equivalent of benzoyl 
chloride in pyridine to afford the ester 65.7. The latter confound is treated with phosphorus 
oxyhromide in refluxing toluene to produce the S-benzoylpxy-l-bromoisoquinoline 65.8. This 
15 material is reacted with a dialkyi 3-hydroxypropyl phosphonate 65.9, prepared as described in 
Z3l ObscheL Khim., 1974, 44, 1834, and sodium hydride in tetrahydrofuran to prepare the 
ether product 65.10. Deprotection, for exaniple by reaction with aqueous alcoholic sodium 
bicarbonate, then yields the phenol 65.11. 

Usittg the above procedures, but ennploying, in place of a dialkyl 3-hydroxypropyl 
20 phosphonate 65.9, different dialkyl hydroxy, mercapto or amino-substituted alkyl 
phosphonates 65.4, the corresponding products 65.6 are obtained. 



Scheme 66 described the preparation of 5-hydroxyisoquinolines in which a phosphonate 
substituent is attached by means of a saturated or unsaturated alkylene chain. In this 

25 procedure, a bromo-substituted 5-hydroxyisoquinoline 66.1 is protected, as descnbed above. 
The product 66.2 is coupled, in the presence of a palladium catalyst, with a dialkyl alkenyl 
phosphonate 663. The coupling of aryl bromides and alkenes is described above (Scheme 52). 
The product 66.4 is then deprotected to yield the phenol 66.5. Optionally, the compound 66.5 
is reduced, for exaiiq>le by treatment with diimide or diborane, to afford the saturated analog 

30 66.6. 

For example, 5-hydroxyisoquinoline 66.7 is reacted with bromine in carbon tetrachloride to 
afford 8-bromo-5-hydroxyisoquinoline 66.8. The product is reacted with acetic anhydride in 
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pyndine to give 5-acetoxy-8-broixioisoquinoline 66.9. The latt^ coiqpound is coupled with a 
dialkyl propenyl phosphonate 66.10 (Aldrich) io the presence of ca. 3 mol % of 
bis(tripheDylphosphine) palladiiim(n) chloride and triethylamine, in dinoethylfonnainide at ca. 
60% to produce the coupled product 66.1L The acetyl protectmg group is then removed by 
5 reaction v^ith d3ate aqueous methanolic ammonia, as described in J. Chenx Soc., 2137, 1964, 
to afford the phenol 66.12. The product is optional^ reduced to yield the saturated analog 
66.13. The reduction reaction is effected chemically, for example by the use of diimide or 
diborane, as described in Comprehensive Organic Transformations, by R. C. Larock, VCH, 
1989, p. 5, or catalyticaHy. 
10 Using the above procedures, but employing, in place of B-bromo-S-hydroxyisoquinoBne 66,8, 
different bromo-substituted 5-hydroxyisoquinolines 66.1, and/or different dialkyl alkenyl 
phosphonates 66.3, the corresponding products 66.5 and 66.6 are obtained. 
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Scheme 65 
Method 




65.1 65.7 65.8 65.10 65.11 



Scheme 66 
Method 




66.12 



Preparation of phenylalanine deriyatives 17.1 incorporating phosphonate moieties. 
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Schemes 67 - 71 illustrate the preparation of phosphonate-containing phenylalanine derivatives 
17.1 which are employed in the preparation of the intermediate phosphonate esters 5. 

Scheme 67 illustrates the preparation of phenylalanine derivatives incorporating phosphonate 
5 moieties attached to the phenyl ring by noeans of a hetaroatom and an alkylene chain. The 
con^younds are obtained by means of alkylation or condensation reactions of hydroxy or 
mercapto-substituted phenylalanine derivatives 67.1. 

In this procedure, a hydroxy or mercapto-substituted phenylalanine is converted into the 
benzyl ester 67.2. The conversion of carboxylic acids into esters is described for exanq>le, in 

10 Comprehensive Organic Transformations, by R. C Larock, VCH, 1989, p 966. The 

conversion can be effected by means of an acid-catalyzed reaction between the caiboxylic acid 
and benz^d alcohol, or by means of a base-catalyzed reaction between the carboxylic add and a 
benzyl halide, for example benzyl chloride. The hydroxyl or mercapto substituent present in 
the benzyl ester 67.2 is then protected. Protection methods for phenols and thiols are 

15 described respectively, for exanxple, in Protective Groups in Organic Synthesis, by T.W. 
Greene and P.G.M Wats, Wiley, Second Edition 1990, p 10, p 277. For example, suitable 
protecting groups for phmols and thiophenols include tert-butyldimethylsilyl or tert- 
butyldiphenyMyL Thiophenols may also be protected as S-adamantyl groups, as described in 
Protective Groups in Organic Synthesis, by T.W. Greene and P.G JVI Wuts, \Wley, Second 

20 Edition 1990, p. 289 The protected hydroxy- or mercapto ester 67.3 is then converted into the 
BOC derivative 67.4. The protectmg group present on the O or S substituent is then removed. 
Removal of O or S protecting groups is described in Protective Groups in Organic Synthesis, 
by T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, plO, p 277. For example, sHyi 
protecting groups are removed by treatnoent with tetrabutylammoninm fluoride and the like, in 

25 a solvent such as tetrahydrofuran at anobient teruperature, as described in J. Am. Cheno. Soc, 
94, 6190, 1972. S-Adamantyl groups can be removed by treatment with mercuric 
triftuoroacetate in acetic acid, as described in Chem. Pharm. Bull, 26, 1576, 1978. 
The resultant phenol or thiophenol 67.5 is then reacted under various conditions to provide 
protected phenylalanine derivatives 67.9, 67.10 or 67.11, incorporating phosphonate moieties 

30 attached by means of a het^oatom and an alkylene chain. 

In this step, the phenol or thiophenol 67.5 is reacted with a dialkyl hromoalkyl phosphonate 
67.6 to afford tte ether or thioetho: product 67.9. The alkylation reaction is effiected in the 
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presence of an organic or morganic base> such as, for example, diazabicyclononene, cesium 
carbonate or potassium carbonate. The reaction is performed at from ambient ten:9)erature to 
ca. 80**, in a polar organic soNent such as dimethylformamide or acetomtiile, to afford the 
ether or thioether product 67.9, Deprotection of the benzyl ester group, for example by means 
5 of catalytic hydrogenation over a palladium catatyst, then yields the carboxylic add 67.12. The 
benzyl est^ 67.10 and 67.11, the preparation of which is described above, are similarly 
deprotected to produce the corresponding carboxylic acids. 

For example, as illustrated in Scheme 67, Exan^le 1, a hydroxy-substituted phenylalanine 
derivative such as tyrosine, 67.13 is converted, as described above, into the benzyl ester 67.14. 

10 The latter conopound is then reacted with one molar equivalent of chloro tert- 

butyldimethylsilane, in the presence of a base such as imidazole, as described in J. Am. ChenL 
Soc, 94, 6190, 1972, to afford the silyl ether 67.15. This compound is then converted, as 
described above, into the BOC derivative 67.16. The silyl protecting group is removed by 
treatment of the silyl ether 67.16 with a tetrahydrofuran solution of tetrabutyl ammonium 

15 fluoride at ambient temperature, as described in J. Am. Chem. Soc., 94, 6190, 1972, to afford 
the phenol 67.17. The latter con5)ound is then reacted in din^thylformamide at ca. 60% with 
one molar equivalent of a dialkyl 3-bromopropyl phosphonate 67.18 (Aldrich), in the presence 
of cesium carbonate, to afford the alkylated product 67.19. Debenzylation then produces the 
carboxylic add 67.20. 

20 Using the above procedures, but enoploying, in place of the hydroxy-substituted phenylalanine 
derivative 67.13, different hydroxy or thio-substituted phenylalanine derivatives 67.1, and/or 
different bromoalkyl phosphonates 67.6, the corresponding ether or thioether products 67.12 
are obtained. 

Ahematively, the hydroxy or mercapto-substituted tribenzylated phenylalanine derivative 67.5 
25 is reacted with a dialkyl hydroxymethyl phosphonate 67.7 under the conditions of the 

Mitsonobu reaction, to afford the ether or thioether corr^imds 67.10. The preparation of 
aromatic ethers by means of the Mitsonobu reaction is described, for example, hi 
Con5)rehensive Organic Transformations, by R. C Larock, VCH, 1989, p 448, and in 
Advanced Organic Chemistry, Part B, by F.A. Carey and R. J. Sundberg, Plenum, 2001, p 
30 153-4. The phenol or tfaiophenol and the alcohol con5)onent are reacted together m an aprotic 
solvent such as, for exanq)le, tetrahydrofuran, in the presence of a dialkyl azodicarbo^late 
and a triarylphosphine, to afford the ether or thioether products 67.10. 
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For example, as shown in Scheme 67, Example 2, 3-mercaptophenylalanme 67.21, prepared as 
described in WO 0036136, is converted, as described above, into the benzyl ester 67-22. The 
resultant ester is then reacted in tetrahydrofiiran solution with one molar equivalent of 4- 
methoxybenzyl chloride in the presence of ammonium hydroxide, as described in Bufl. Chem. 

5 Soc. Jpn., 37, 433, 1974, to afford the 4-methoxybenzyl thioether 67.23. This compound is 
then converted, as described above for the preparation of the coiiq)Ound 67*4, into the BOC- 
protected derivative 67.24. The 4-methoxyben2yl group is thai removed by the reaction of the 
thioeth^ 67.24 with mercuric trifhioroacetate and anisole in trifluoroacetic acid, as described 
in J.Qrg. Chem., 52, 4420, 1987, to afford the thiol 67.25. The latter compound is reacted, 

10 under the conditions of the Mitsonobu reaction, with a dialkyl hydroxymethyl phosphonate 

67.7, diethylazodicarboxylate and triphenylphosphine, for example as described in Synthesis, " 
4, 327, 1998, to yield the thioether product 67.26. The benzyl ester protecting group is then 
removed to afford the carboxylic acid 67.27. 

Using the above procedures, but eniploying, in place of the mercapto-substituted 
15 phenylalanine derivative 67.21, different hydroxy or mercapto-substituted phenylalanines 67.1, 
and/or different dialkyl hydroxymethyl phosphonates 67.7, the corresponding products 67.10 
are obtained. 

Akematively, the hydroxy or mercapto-substituted tribenzylated phenylalanine derivative 67.5 
is reacted with an activated derivative of a dialkyl hydroxymethylphosphonate 67.8 in which 

20 Lv is a leaving group. The components are reacted togeth^ in a polar aprotic solvent such as, 
for example, dnnethylformamide or dioxan, in the presence of an organic or inorganic base 
such as triethylamine or cesium carbonate, to afford the ether or thioether products 67.11. 
For example, as illustrated in Scheme 67, Exan^ile 3, 3-hydroxyphenylalanine 67.28 (Fluka) is 
converted, using the procedures described above, into the protected con^und 67.29. The 

25 latter compound is reacted, in dimethytformamide at ca. 50°, in the presence of potassium 
carbonate, with diethyl triftaoromethanesulfonyloxymethylphosphonate 67.30, prepared as 
described in Tet. Lett, 1986, 27, 1477, to afford the ether product 67J31. Debenzylation then 
produces the carboxylic add 67J32. 

Using the above procedures, but eniploying, in place of the hydroxy-substituted phenylalanine 
30 derivative 67.28, different hydroxy or mercapto-substituted phenylalanines 67.1, and/or 
different dialkyl trifluoromethanesulfonyloxymethylphosphonates 67.8, the coirespohding 
products 67.11 are obtained. 
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Scheme 68 iDostrates the preparation of phenylalanine derivatives incorporating phosphonate 
moieties attached to the phenyl ring by means of an alkylene chain incorporating a nitrogen 
atom. The compounds are obtained by means of a reductive alkylation reaction between a 
5 formyl-substituted tribenzylated phenylalanine derivative 683 and a diaDq^l 
aminoalkylphosphonate 68A 

In this procedure, a hydroxyroethyl-sabstituted phenylalanine 68,1 is converted, as described 
above, into the BOC protected benzyl est^ 68.2. The latter compound is then oxidized to 
afford the corresponding aldehyde 683. The conversion of alcohols to aldehydes is described, 

10 for exarople, in Comprehensive Organic Transformations, by R. C. Larock, VCH, 1989, p 
604ff. Typically, the alcohol is reacted with an oxidizing agent such as pyridinium 
chlorochromate, silver carbonate, or dimethyl sulfoxide/acetic anhydride, to afford the 
alddiyde product 683. For exan^jle, the carbinol 68.2 is reacted with phosgene, dimethyl 
sulfoxide and triethylamdne, as described in J. Org. Ghent, 43, 2480, 1978, to yield the 

15 aldehyde 683. This compound is reacted with a dialkyl aminoalkylphosphonate 68.4 in the 
presence of a suitable reducing agent to afford the amme product 683. The preparation of 
amines by means of reductive amination procedures is described, for exan^le, in 
Comprehensive Organic Transformations, by R. C. Larock, VCH, p 421, and in Advanced 
Organic Chemistry, Part B, by RA. Carey and R. J. Sundberg, Plenum, 2001, p 269. In this 

20 procedure, the amine coii5)onent and the aldehyde or ketone conc5)onent are reacted together 
in the presence of a reducing agent such as, for exan^Ie, borane, sodium cyanoborohydride, 
sodium triacetoxyborohydride or diisobutylahuninum hydride, optionally in the presence of a 
Lewis add, such as tit^nintn tetraisopropoxide, as described in L Org. Cheno., 55, 2552, 1990. 
The benzyl protecting group is then removed to prepare the caifooxylic acid 68.6. 

25 For exan5)le, 3-0iydroxymetl5rI)-phenylalanine 68.7, prepared as described in Acta Chem. 
Scand. Ser. B, 1977, B31, 109, is converted, as described above, into the fonnylated 
derivative 68.8. This con5)ound is then reacted with a dialkyl aminoethylphosphonate 68.9, 
prepared as described in J. Org. Chem., 200, 65, 676, in the presence of sodium 
cyanoborohydride, to produce the alkylated product 68.10, which is then deprotected to give 

30 the carboxyhc acid 68.11. 
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Using the above procedores, but enq>loying, in place of 3-(hydroxymethyl)-phenylalanine 68.7, 
different hydroxymethyl phenylalanines 68.1» and/or different amincalkyl phosphonates 68.4, 
the corresponding products 68.6 are obtained. 

Scheme 69 dqricts the preparation of phenylalanine derivatives in which a phosphonate iiK>iety 
is attached directly to the phenyl ring. In this procedure, a bronoo-substituted phenylalanine 
69.1 is converted, as described above, (Scheme 68) into the protected derivative 69.2. The 
product is then coupled, in the presence of a palladium(0) catalyst, with a dialkyl phosphite 
693 to produce the phosphonate ester 69.4. The preparation of arylphosphonates by means of 
a coupling reaction between aryl bromides and dialkyl phosphites is described in J. Med. 
Chem., 35, 1371, 1992. The product is ihen deprotected to afford the carboxylic acid 69.5. 
For exarq)le, 3-bromophenylalanine 69.6, prepared as described in Pept. Res., 1990, 3, 176, is 
converted, as described above, (Schemte 68) into the protected compound 69.7. This 
coinpound is then reacted, in toluene solution at refhix, with diethyl phosphite 69*8, 
triethylamine and tetralds(tripheny]^hosphine)pa]ladium(0), as described in J. Med. Chem., 35, 
1371, 1992, to afford the phosphonate product 69.9. Debenzylation then yields the carboxylic 
acid 69.10. 

Using the above procedures, but employing, in place of 3-bromophenylalanine 69.6, different 
bromophenylalanines 69.1, and/or different diaOg^l^hosphites 693, the corresponding products 
69.5 are obtained. 

Schemes 70 and 71 illustrate two methods for the conversion of the coiqpounds 70.1, in which 
the substituent A is either the group link P(0)(0R^)2 or a precursor thereto, such as [OH], 
[SH], Br etc, into the homologated derivatives 17.1 which are employed in the preparation of 
25 the intermediate phosphonate esters 5. 

As shown in Scheme 70, the BOC-protected phenylalanine derivative 70.1 is converted, using 
the procedures described above in Scheme 41, into the aldehyde 70.2. The aldehyde is then 
converted, via the cyanohydrin 703, into the homologated derivative 17.1. The reaction 
sequence and conditions employed are the same as shown in Scheme 41 for the conversion of 
30 the BOC-protected ammoacid 41.1 into the homologated derivative 1.5. 

Altmiatively, as illustrated in Scheme 71, the BOC-protected aminoacid 70.1 is deprotected 
to afford the amine 71.1. The product is then converted, as described in Scheme 42, into the 
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dibemylated product 71:2. "Die latter coDOpound is then transformed, using the sequence of 
reactions and conditions shown in Scheme 42 for the conversion of the dibenzylated aminoacid 
42.1 mto the hydroxyadd 1^, into the homotogated derivative 17.1. 



Scheme 70 




70.1 71.1 71^ 

Preparation of the phosphonate-contaming thiophenol derivatfyes 19*1. 



Schemes 72 - 83 describe the preparation of phosphonate-containing thiophenol derivatives 
10 19.1 which are enyployed as described above (Schemes 19 and 20) in the preparation of the 
phosphonate ester intermediates 5 in which X is sulfur. Schemes 72 - 81 described the 
syntheses of the thiophenol con5)onents; Schemes 82 and 83 described methods for the 
incorporation of the thiophenols into the reactants 19.1. 

15 Schen^ 72 depicts the preparation of thiophenol derivatives in which the phosphonate moiety 
is attached directly to the phenyl ring. In this procedure, a halo-substituted thiophenol 72.1 is 
protected, as described above (Scheme 67) to afford the protected product 72.2. The product 
is then coupled, in the presence of a palladium catalyst, with a dialkyl phosphite 72.3, to afford 
the phosphonate ester 72.4. The preparation of arylphosphonates by the coupling of aryl 

20 halides with dialkyl phosphites is described above, (Schrane 69). The thiol protecting group is 
then removed, as described above, to afford the thiol 72.5. 
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For example, S-bromothiopheBOl 72.6 is converted into the 9-fhiorenyImethyl (Fm) derivative 
72.7 by reaction with 9-fhiorenyhnethyl chloride and diisopropylethylamine in 
dimetbytfonnainide, as described in Int. J. Pept. Protein Res., 20, 434, 1982. The product is 
then reacted widi a dialkyl phosphite 723, as described for the preparation of the phosphonate 
5 69 A (Schen^ 69), to afford the phosphonate ester 72.8. The Fm protecting group is then 
renK>ved by treatment of the product with pq>eridine in dimethylformamide at ambient 
temperature, as desoribed in L Chem. Soc., ChenL ComoL, 1501, 1986, to give the thiol 72.9. 
Using the above procedures, but en^loying, in place of S-bromothiophenoi 72.6, different 
thiophenols 72.1, and/or different dialkyl phosphites 723, the corresponding products 72.5 are 
10 obtained. 

Scheme 73 illustrates an alternative method for obtaining thiophenols with a directly attached 
phosphonate group. In this procedure, a suitably protected halo-substituted thiophenol 73.2 is 
metaSated, for exan^le by reaction with magnesium or by transmetallation with an 
IS alkyllithium reagent, to afford the metaUated derivative 733. The latter conq>ound is reacted 
with a halodialkyl phosphite 73.4 to afford the product 73.5; deprotection then affords the 
thiophenol 73.6 

For example, 4-bromothiophenol 73.7 is converted into the S-triphenyhnetfayl (trityl) 

derivative 73.8, as described in Protective Groups io Organic Synthesis, by T. W. Greene and 
20 P.GM. Wuts, Wiley, 1991, pp. 287. The product is converted into the lithhmi derivative 73J9 

by reaction with butyllithium in an ethereal solvent at low tenoperature, and the resulting fithio 

conq)ound is reacted with a dialkjd chlorophosphite 73.10 to afford the phosphonate 73.11. 
.. . Removal of the trityl group, for ej^amplo by treatment with dilute hydrochloric acid in acetic 

acid, as described in J. Org. Chrat, 31, 1118, 1966, then affords the thiol 73.12. 
25 Using the above procedures, but enoploying, in place of the bromo compoimd 73.7, diff^ent 

halo cornpounds 73.1, and/or different halo dialkyl phosphites 73.4, th^e are obtained the 

corresponding thiols 73.6. 

Scheme 74 illustrates the preparation of phosphonate*substituted thiophenols in which the 
30 phosphonate group is attached by means of a one-carbon liok. In this procedure, a suitably 
protected methyl-substituted thiophenol 74.1 is subjected to free-radical bromination to afford 
a bromomethyl product 74.2. This con[Q)Ound is reacted with a sodium dialkyl phosphite 743 
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or a trialkyl phosphite, to give the displacement or rearrangement product 74.4, which upon 
deprotection affords the thiophenol 74.5. 

For example, 2-methylthiophenol 74.6 is protected by conversion to the benzoyl derivative 
74.7, as described in Protective Groups in Organic Synthesis, by T. W. Greene and P.G^ 
5 Wuts, Wiley, 1991, pp. 298. The product is reacted with N-bromosucdnimide in ethyl acetate 
to yield the bromomethyl product 74.8. This material is reacted with a sodium dialkyl 
phosphite 743. as described in J. Med. Chemu, 35, 1371, 1992, to afford the product 74.9. 
Alternatively, the bromomethyl conq)ound 74.8 is converted into the phosphonate 74.9 by 
means of the Arbuzov reaction, for exanq>le as described in Handb. Organophosphorus Chem., 
10 1992, 1 15. In this procedure, the bromomethyl corE5)Ound 74.8 is heated with a trialkyl 
phosphate P{OR% at ca. 100^ to produce the phosphonate 74.9. Deprotection of the 
phosphonate 74.9, for exan5)le by treatment with aqueous ammonia, as described in J. Am. 
Chem. Soc, 85, 1337, 1963, then affords the thiol 74.10. 

Using the above procedures, but en5)loying, in place of the bromomethyl compound 74.8, 
15 different bromomethyl compounds 74.2, there are obtained the corresponding thiols 74.5. 

Scheme 75 illustrates the preparation of thiophenols bearing a phosphonate group linked to 
the phenyl nucleus by oxygen or sulfur. In this procedure, a suitably protected hydroxy or 
thio-substituted thiophenol 75.1 is reacted with a dialkyl hydroxyalkylphosphonate 75.2 under 
20 the conditions of the Mitsonobu reaction, for example as described in Org. React., 1992, 42, 
335, to afford the coupled product 75.3. Deprotection then yields the O- or S-Iinked products 
75.4. 

For exanq>le, the substrate 3-hydroxythiophenol, 75.5, is converted into the monotrityl ether 
75.6, by reaction with one equivalent of trityl chloride, as described above. This conq>ound is 
25 reacted vnth diethyl azodicarboxylate, triphenyl phosphine and a dialkyl 1-hydroxymethyl 
phosphonate 75.7 in benzene, as described in Synthesis, 4, 327, 1998, to afford the ethar 
conqwund 75.8. Removal of the trityl protecting group, as described above, then affords the 
thiophenol 75.9. 

Using the above procedures, but employing, in place of the phmol 75.5, different phenols or 
30 thiophenols 75.1, there are obtained the corresponding thiols 75.4. 
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Scheme 76 iDiistrates the preparation of thiophenols 76.4 bearing a phosphonate group linked 
to the phenyl nucleus by oxygen, sulfur or nitrogen. In this procedure, a suitabty protected O, 
S or N-substituted thiophenol 76.1 is reacted with an activated est^, for exanople the 
triftuoromethanesulfonate 76^, of a dialkyl hydroxyalkyl phosphonate, to afford the coupled 
5 product 76.3. Deprotection then affords the thiol 76.4. 

For exanQ)le, 4-methylaniinothiophenol 76.5 is reacted in dicUoromethane solution with one 
equivalent of acetyl chloride and a base such as pyridine, as described in Protective Groups in 
Organic Synthesis, by T. W. Greene and P.GAl Wuts, ^ey, 1991, pp. 298, to afford the S- 
acetyl product 76.6. This material is then reacted with a dialkyl trifluoromethanesulfonjdmethyl 

10 phosphonate 76.7, the preparation of which is described in Tet Lett, 1986, 27, 1477, to 

afford the displacement product 76.8. Preferably, equimolar amounts of the phosphonate 76,7 
and the amine 76.6 are reacted together in an a^rotic solvent such as dicUoromethane, in the 
presence of a base such as 2,6>Iutidine, at ambient tenoperatures, to afford the phosphonate 
product 76.8. Deprotection, for exznxple by treatment with dilute aqueous sodium hydroxide 

15 for two minutes, as described in J. Am. Chem. Soc., 85, 1337, 1963, then affords the 
thiophenol 76.9. 

Using the above procedures, but employiag, in place of the thioamine 76.5, different phenols, 
thiophenols or amines 76.1, and/or different phosphonates 76.2, there are obtained the 
corresponding products 76.4. 

20 

Scheme 77 illustrates the preparation of phosphonate est^ linked to a thiophenol nucleus by 
means of a heteroatom and a multiple-carbon chain, employing a nucleophilic displacement 
reaction on a dialkyl bromoalkyl phosphonate 77.2. In this procedure, a suitabty protected 
hydroxy, thio or ammo substituted thiophenol 77.1 is reacted with a dialkyl bromoallgd 
25 phosphonate 77 to afford the product 77 J. Deprotection then affords the free thiophenol 
77.4. 

For example, 3-hydroxythiophenol 77.5 is converted into the S-trityl compound 77.6, as 
described above. This coi]q)Ound is then reacted with, for example, a dialkyl 4-hromobutyl 
phosphonate 77.7, the synthesis of which is described in Synthesis, 1994, 9, 909. The reaction 
30 is conducted in a dq>olar aprotic solvent, for example dimethylformamide, in the presrace of a 
base such as potassium carbonate, and optional^ in the presence of a catalytic amount of 
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potassium iodide, at about 50^, to yield the ether product 77.8. Deprotection, as described 
above, then affords the thiol 77.9. 

Using the above procedures, but employing, in place of the phenol 77.5, different phenols> 
thiophenols or amines 77.1, and/or different phosphonates 77.2, there are obtained the 
5 corresponding products 77.4. 

Scheme 78 depicts the preparation of phosphonate esters linked to a thiophraol nucleus by 
means of unsaturated and saturated carbon chains. The carbon chain linkage is formed by 
means of a palladium catalyzed Heck reaction, in which an olefinic phosphonate 78.2 is 

10 conpled with an aromatic bromo compound 78.1. The coupling of aryl halides with olefins by 
means of the Heck reaction is described, for example, in Advanced Organic Chemistry, by F. 
A Carey and R. J. Sundberg, Plenum, 2001, p. 503ff and in Acc. Chem. Res., 12, 146, 1979. 
The aryl bromide and the olefin are coupled in a polar solvent such as dimethylformamide or 
dioxan, in the presence of a palladium(O) catalyst such as 

15 tetrakis(triphenylphosphine)paIladium(0) or palladium(II) catalyst such as palladium(II) 

acetate, and optionally in the presence of a base such as triethylamine or potassium carbonate, 
to afford the coupled product 783. Dqprotection, or hydrogenation of the double bond 
followed by deprotection, affords respectively the unsaturated phosphonate 78.4, or the 
saturated analog 78.6. 

20 For example, 3-bFomothiophenol is converted into the S-Fm derivative 78.7, as described 
above, and this conq>ound is reacted with a dialkyl 1-butenyl phosphonate 78.8, the 
preparation of whbh is described in J. Med. Chem., 1996, 39, 949, in the presence of a 
palladium (U) catalyst, for exanq)le, bis(trq)henylphosphine) palladium (JT) chloride, as 
described in J. Med. Chem, 1992, 35, 1371. The reaction is conducted in an aprotic dipolar 

25 solvent such as, for exanq>le, dimethylfoimamide, in the presence of triethylamm 

100*^ to afford the coupled product 78.9. Deprotection, as described above, then affords the 
thiol 78.10. Optionally, the initially formed unsaturated phosphonate 78.9 is subjected to 
reduction, for example using diimide, as described above, to yield the saturated product 78.11, 
which upon deprotection affords the thiol 78.12. 

30 Using the above procedures, but enq>loying, in place of the bromo compound 78.7, di^rent 
bromo concpounds 78.1, and/or different phosphonates 78.2, there are obtained the 
corresponding products 78.4 and 78.6 
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Scheme 79 illustrates the preparation of an aryl-linked phosphonate estar 79.4 by means of a 
pa]ladiuin(0) or pa]ladiiuD(II) catal^^zed coupling reaction between a broioobenzene and a 
phenylboronic acid, as described in Coinprehensive Organic Transformations, by R. C. Larock, 
5 VCH, 1989, p. 57. The sulfur-substituted phenylboronic acid 79.1 is obtained by means of a 
metaSation-boronation sequence applied to a protected faromo-substituted thiophenol, for 
exaioDple as described in J. Org. Cheia, 49, 5237, 1984. A couplmg reaction then affords the 
diaryl product 793 which is deprotected to yield the thiol 79.4. 

For example, protection of 4-bromothiophenol by reaction with tert-butylchlorodimethylsilane, 
10 in the presence of a base such as imidazole, as described in Protective Groups in Organic 
Synthesis, by T. W. Greene and ROM. Wuts, Wiley, 1991, p. 297, followed by metallation 
with butyllithhim and boronation, as described in J. Organomet. Chenx, 1999, 581, 82, affords 
the boronate 79.5. This material is reacted with a dialkyl 4-bromophenylphosphonate 79.6, the 
preparation of which is described in J, Chem. Soc, Perkin Trans., 1977, 2, 789, in the 
15 presence of tetrakis(triphenylphosphine) palladium (0) and an inorganic base such as sodium 
carbonate, to afford the coupled product 79.7. Deprotection, for exanq)le by the use of 
tetrabutylammoniiun fluoride in anhydrous tetrahydrofiiran, then yields the thiol 79.8. 
Using the above procedures, but employing, in place of the boronate 79.5, different boronates 
79.1, and/or different phosphonates 79 JS, there are obtained the corresponding products 79.4. 

20 Scheme 80 depicts the preparation of dialkyl phosphonates ia which the phosphonate moiety is 
linked to the thiophenyl group by means of a chain which incorporates an aromatic or 
heteroaromatic ring. In this procedure, a suitably protected O, S or N-substituted thiophenol 
80.1 is reacted with a dialkyl bromomethyl-substituted aryl or heteroaiylphosphonate 80.2, 
prepared, for exan^le, by means of an Arbuzov reaction between eguimolar amounts of a 

25 bis(bromo-inethyl) substituted aromatic cozopound and a trialkyl phosphite. The reaction 

product 803 is then deprotected to afford the thiol 80.4. For example, 1,4-dimercaptobenzene 
is conv^ed into the monobenzoyl ester SOS by reaction with one molar equivalent of benzoyl 
chloride, in the presence of a base such as pyridiae. The monoprotected thiol 80.5 is then 
reacted with a dialkyl 4-(bromomethyOphenylphosphonate, 80.6, the preparation of which is 

30 described in Tetrahedron, 1998, 54, 9341. The reaction is conducted in a solvent such as 

dimethylformamide, in the presence of a base such as potassium carbonate, at about 50'*. The 
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thioetfaer product 80.7 thus obtained is deprotected, as described above, to afford the thiol 
80.8. 

Using the above procedures, but eiiq)loying, in place of the tUophenol 80.5, diff^nt phenols, 
thiophenols or amines 80.1, and/or different phosphonates 80.2, there are obtained the 
5 corresponding products 80.4. 

Scheme 81 illustrates the preparation of phosphonate-containing thiophenols in which the 
attached phosphonate chain forms a ring with the thiophenol moiety. 

In this procedure, a suitably protected thiophenol 81.1, for exanqple an indoline (in which X-Y 

10 is (CH2)2), an indole (X-Y is CH=CH) or a tetrahydroquinolme (X-Y is (CH2)3) is rented 
with a dialkyl trifluoromethanesulfonyloxymethyl phosphonate 81.2, in the presence of an 
organic or inorganic base, in a polar aprotic solvent such as, for exan5)le, dimethylformamide, 
to afford the phosphonate ester 813. Deprotection, as described above, then affords the thiol 
81.4. The preparation of thio-substituted indolines is described in EP 209751. Thio-substituted 

15 indoles, indolines and tetrahydroquinolines can also be obtaiaed from the corresponding 
hydroxy-substituted con:q)Ounds, for ^xBsxspl& by thermal rearrangement of the 
dimethylthiocarbamoyl esters, as described in J. Org. Chem., 31, 3980. 1966. The preparation 
of hydroxy-substituted indoles is described in Syn., 1994, 10, 1018; preparation of hydroxy- 
substituted indolines is described in Tet. Lett., 1986, 27, 4565, and the preparation of 

20 hydrojQ^-substituted tetrahydroquinolines is described in J. Het. Chem., 1991, 28, 1517, and in 
J. Med. Chem., 1979, 22, 599. TMo-substituted indoles, indolines and tetrahydroquinolines 
can also be obtained from the corresponding anmno and bromo compounds, respectively by 
diazotization, as described in Sulfur Letters, 2000, 24, 123, or by reaction of the deaived 
organolithium or magnesium derivative with sulfur, as described in Comprehensive Organic 

25 Functional Group Preparations, A. R. Katritzky et al, eds, Pargamon, 1995, Vol 2, p 707. 

For exanq>le, 2,3-dihydro-lH-indole-5-thiol, 81^, the preparation of which is described in EP 
209751, is converted into the benzoyl ester 81.6, as described above, and the ester is then 
reacted with the trifluoromethanesuHbnate 81.7, using the conditions described above for the 
preparation of the phosphonate 76.8, (Scheme 76), to yield the phosphonate 81.8. 

30 Deprotection, for example by reaction with dilute aqueous ammonia, as described above, then 
affords the thiol 81.9. 
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Using the above procedures, but employing, in place of the thiol 81.5, different thiols 81*1, 
and/or different triflates 81.2, there are obtained the corresponding products 8L4. 

Schemes 82 and 83 illustrate alternative methods for the conversion of the thiophenols 82.1, in 
5 which the substituent A is either the group link P(0)(0R^)2 or a precursor thereto, such as 
[OH], [SH], Br etc, prepared as described above, (Schenoes 72 - 81) in which the substiturat 
A is either the group link P(0)(0R^)2 or a precursor thereto, such as [OH], [SH], Br etc, into 
the homologated derivatives 19.1 which are employed in the preparation of the intenxiediate 
phosphonate esters 5 in which X is sulfur. 

10 As shown in Scheme 82, the thiophenol 82.1 is reacted with the mesylate est^ 43.2, using the 
conditioiis described above for the preparation of the thioether 43.4, to afford the 
corresponding thioether 82.2. The latter coir^>ound is then transformed, using the same 
sequence of reactions and reaction conditions described above (Scheme 43) for the conversion 
of the thioether 43.4 into the hydroxyacid 3.1, into the hydroxyacid 19.1. 

IS Alternatively, as shown in Scheme 83, the aldehyde 823 is converted, as shown in Scheme 44, 
into the diol 83.1. The latter conopound is then converted, as shown in Scheioe 44 into the 
hydroxyacid 19.1. 
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Preparation of tert-butylamine derivatiyes 25.1 incorporating phosphonate groups. 



5 Schemes 84 - 87 ilhistrate the preparation of the tert. butylamine derivatives 25.1 in which the 
substituent A is eitha: the group Knk P(0)(0R^)2 or a precursor thereto, such as [OH], [SH], 
Br etc, which are exiployed in the preparation of the intermediate phosphonate esters 7. 



Scheme 84 describes the preparation of tert-butylamines in which the phosphonate moiety is 
10 directly attached to the tert-butyl group. A suitably protected 2.2-dim^b)d-2-an3inoethyl 
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bromide 84.1 is reacted with a trialkyl phosphite 84*2, under the conditions of the Arbuzov 
reaction, as described above, to afford the phosphonate 843, which is then deprotected as 
described previously to ^e 84.4 

Fbr example, the cbz dravative of 2,2-dimethyl-2-aminoethyl bromide 84.6, is heated with a 
5 trialkyl phosphite at ca 150° to afford the product 84.7. Deprotection, as previously described, 
then affords the free amine 84.8. 

Using the above procedures, but employing different trisubstituted phosphites, there are 
obtained the corresponding amines 84.4. 

10 Scheme 85 illustrates the preparation of phosphonate esters attached to the tert butylamine by 
means of a heteroatom and a carbon chain. An optionally protected alcohol or thiol 85«1 is 
reacted with a bromoalkylphosphonate 85.2, to afford the displacement product 853. 
Deprotection, if needed, then yields the amine 85.4. 

For example, the cbz derivative of 2-amino-2,2-dimethylethanol 85.5 is reacted with a dialkyl 
15 4~bromobutyl phosphonate 85.6, prepared as described in Synthesis, 1994, 9, 909, in 
dimethylformamide containing potassium carbonate and a catalytic amount of potassium 
iodide, at ca 60° to afford the phosphonate 85.7 Deprotection, by hydrogenation over a 
palladium catalyst, then affords the free amine 85.8. 

Using the above procedures, but employing different alcohols or thiols 85.1, and/or different 
20 bromoalkylphosphonates 85.2, there are obtained the corresponding ether and thioether 
^ products 85.4. 

Scheme 86 describes the preparation of carbon-linked tert. butylamine phosphonate 
derivatives, in which the carbon chain can be unsaturated or saturated. 
25 In the procedure, a terminal acetylenic derivative of tat-butylamine 86.1 is reacted, under 
basic conditions, with a dialkyl chlorophosphite 86.2, to afford the acetylenic phosphonate 
863. The coupled product 863 is deprotected to afford the amine 86.4. Partial or coinpletc 
catalytic hydrogenation of this compound affords the olefinic and saturated products 863 and 
86.6 respectively. 

30 For example, 2-amino-2-niethylprop-l-yne 86.7, the preparation of which is described in WO 
9320804, is converted into the N-phthalimido derivative 86.8, by reaction with phthahc 
anhydride, as described in Plotective Groups in Organic Synthesis, by T. W. Greene and 

-1094- 



wo 03/090690 



PCT/US03/12901 



P.G^ Wuts, Wfley, 1991, pp. 358. This compound is reacted with lithium diisopropylamide 
in tetrahydrofiiian at -78^ The resultant anion is then reacted with a dialkyl chlorophosphite 
86JS to afford the phosphonate 86*9. Deprotection, for example by treatment with hydrazine, 
as described in J. Org* Chem., 43, 2320, 1978, then affords the free amine S6.ie. Partial 
catalytic hydrog^oation, for example using Lindlar catalyst, as described in Reagents for 
Organic Synthesis, by L. F. Reser and M. Keser, Volume 1, p 566, produces the olefinic 
phosphonate 86.11, and conventional catalytic hydrogenation, as described in Organic 
Functional Group Preparations, by S.R. Sandler and W. Karo, Academic Press, 1968, p. 3. for 
exanotple using 5% palladium on carbon as catalyst, affords the saturated phosphonate 86*12. 
Using the above procedures, but enaploying different acetylenic amines 86.1, and/or different 
diallgi halophospbites, there are obtained the corresponding products 86»4, 86.5 and 86.6» 

Scheme 87 illustrates the preparation of a tert butylamine phosphonate in which the 
phosphonate moiety is attached by means of a cyclic amine. 
15 In this method, an aminoethyl-substituted cyclic amine 87.1 is reacted with a limited amount of 
a bromoalkyl phosphonate 87.2, using, for exainple, the conditions described above (Scheme 
78) to afford the displacement product 873. 

For example, 3-(l-ainmo-l-methyl)ethylpyirolidine 87.4, the preparation of which is described 
in ChenL Pharm. BulL, 1994, 42, 1442, is reacted with one imlar equivalent of a dialkyl 4- 
20 bromobutyl phosphonate 87.5, prepared as described in Synthesis, 1994, 9, 909, to afford the 
displacement product 87.6. 

Using the above procedures, but enoploying, in place of 3-(l-amino-l-methyl)ethy^pyrrolidine 
87.4, different cyclic amines 87.1, and/or different bromoalkylphosphonates 87J2, there are 
obtained the corresponding products 873. 

25 
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Scheme 86 
Method 
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Preparatioii of phosphonate-containing methyl-substituted benzylamines 29.1. 



10 



Schemes 88 - 90 illustrate the preparation of phosphonate-containing 2-inethyl and 2,6- 
dimetl^rlbenzylamines 29.1 in which the substituent A is either the group link P(0)(0R^)2 or a 
precursor thereto, such as [OH|, [SH], Br etc, which are en5)loycd in the preparation of the 
phosphonate ester iutermediates 8, as described in Schemes 29 - 32. A numb^ of variously 
substituted 2-methyl and 2,6-dimethyIbenzyIamies are commercially available or have 
published syntheses. In addition, substituted benzylamines are prepared by various methods 
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known to those skiDed in the art. For exan^le, substituted benzylamines are obtained by 
reduction of the correspondingly substituted benzamides, for exan^le by the use of diborane 
or lithiunoL aluminum hydride, as described, for exanq>le, in Comprehensive Organic 
Transfonnations, by R. C. Larock, VCH, 1989, p. 

5 

Scheme 88 depicts the pr^aration of 2-methyI or 2,6-dimethyIbenzyamines incorporating a 
phosphonate moiety directly attached to the benzene ring, or attached by means of a saturated 
or unsaturated alkylene chain. In this procedure, a bromo-substituted 2-methyl or 2,6- 
dhnethylbenzylamine 88.1 is protected to produce the analog 88.2. The protection of amines is 

10 described, for exanf>le, in Protective Groups in Organic Synthesis, by T.W. Greene and 

P.G Wuts, WHey, Second Edition 1990, p. 309flf. For cxaanplc, the amine 88.1 is protected 
as an amide or carbamate derivative. The protected amine is then reacted with a dialkyl 
phosphite 883, in the presence of a palladium catalyst, as described above (Scheme 69) to 
afford the phosphonate product 88*4. Deprotection then affords the free amine 88.5. 

15 Alternatively, the protected bromo-substituted benzylamine 88*2 is coupled with a dialkyl 
alkenyl phosphonate 88.6, using the conditions of the Heck reaction, as desotibed above, 
(Schen^ 59) to afford th& alkenyl product 88.7. The amino protecting group is then removed 
to yield the free amine 88.8. Optionally, the olefinic double bond is reduced, for exan^le by 
the use of diborane or diimide, or by means of catalytic hydrogenation, as described above 

20 (Scheme 59) to produce the saturated analog 88.9. 

For example, 4-brom0-2,6-dimfiethy]benzyIamine 88.10, (Trans World Chemicals) is converted 
into the BOC dmvative 88.11, as described above, and the product is coupled with a dialkyl 
phosphite 883, in the presence of triethylamine and tetrakis(triphenylphosphine)paIladium(0), 
as described in J. Med. CSiem., 35, 1371, 1992, to yield the phosphonate ester 88.12. 

25 Dq)rotection, for example by treatir^nt wiA trifhioroaceric acid, then produces the free amine 
88.13. 

Using the above procedures, but employing, in place of 4-brorDO-2,6-dimethyIbenzylamine 
88.10, different bromobenzylamines 88.1, the corresponding products 88.5 are obtained. 
As an additional exanqple of the methods of Scheme 88, 4-hromo-2-methyIbenzylamine 88.14 
30 (Trans World Chemicals) is converted into the BOC derivative 88.15. The latter compound is 
then reacted with a diaDq^l vinylphosphonate 88.16, (Aldrich) in the presence of 2 mol % of 
tetrakis(tripheny^hospfaine)paIladium and triethylamine, to afford the coupled product 88*17. 
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Dq>rotectioii then affords the amme 88.18, and reduction of the latter con^nnd with dumide 
gives the saturated analog 88.19. 

Using the above procedures, but enq)loying, in place of 4-farorQ0-2-nQethyIbenzyIan]ine 88.14, 
different faromobenzylamines 88.1, and/or di^ent alkenyl phosphonates 88.6, the 
5 corresponding products 88.8 and 88.9 aie obtained. 

Scheme 89 depicts the preparation of 2-mBthjrl or 2,6-dimethyIbenzyannnes incorporating a 
phosphonate moiety attached to the b^izene ring by means of an amide linkage. In this 
procedure, the amino group of a carboxy-substituted 2-methyl or 2,6-dimethyIbenzylamine 
10 89.1 is protected to yield the product 89.2. The latter con^K>und is then reacted with a dialkyl 
amxQoalkyl phosphonate 893 to afford the amide 89.4. The reaction is performed as described 
above for the preparation of the amides 1.3 and 1.6. The amine protecting group is then 
removed to give the free amine 89.S. 

For exanple, 4-carboxy-2-methylbenzylamine 89.6, prepared as described in CSi^dol Pharm. 
15 BuIL, 1979, 21, 3039, is converted into the BCX: derivative 89.7. This material is then reacted 

in tetrahydrofuran solution with one molar equivalent of a dialkyl aminoethyl phosphonate 

89.8, in the presence of dicyclohexylcarbodiimide and hydroxybenztriazole, to produce the 

amide 89.9. Eteprotection, for exan5>le by reaction with methanesulfonic acid in acetonitrQe, 

then yields the amine 89.10. 
20 Using the above procedures, but eii5)loying, in place of 4-carboxy-2-methyIbeiizylamine 89.6, 

different carboxy-substituted benzylamines 89.1, and/or different aminoalkyl phosphonates 

893, the corresponding products 89.5 are obtained. 

Scheme 90 depicts the preparation of 2-methyl or 2,6-dimethyIbenzyammes incorporating a 
25 phosphonate moiety attached to the b^Qzene ring by noeans of a heteroatom and an alkylene 
chain, hi this procedure, the amnio group of a hydroxy or mercapto-substituted 
methylbenzylamine 90.1 is protected to afford the derivative 90.2. This material is then reacted 
with a dialkyl bromoalkyl phosphonate 90.3 to yield the ether or thioether product 90.4. The 
reaction is conducted in a polar organic solv^ such as dimethylformamide or N- 
30 methylpyrrolidinone, in the presence of a base such as diazabicyclononene or cesium 
carbonate. The amino protecting group is then removed to afford the product 90.5. 
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For exan^le, 2,6-dim&tI]yl-4-hydroxybeDzylamme 90*6, prepared, as described above, from 
2,6-dimethyl-4-bydroxybenzoic add, the preparation of which is described in J. Org. CbenoL, 
1985, 50, 2867, is protected to afford the BOC derivative 90.7, The latter compound is then 
reacted with one molar equival^t of a dialk^ bromoethyl phosphpnate 90.8, (AMrich) and 
5 cesiuin carbonate in dimethylformanoide sohition at 80* to give the ether 90.9. Deprotection 
then afford the anune 90*10. 

Using the above procedures, but eiiq)Ioying, in place of 4-hydroxy-2,6-d]methyIbenzylamme 
90.6, different hydroxy or m^capto-substituted b^izylamines 90.1, and/or diE^nt 
bromoalkjd phospbonates 903, the corresponding products 90.5 are obtained, 

10 
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Scheme 89 
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Preparatioii of phosphonate-sabstituted decahydroquinolines 33.1. 

Schemes 91-97 illustrate the preparation of decahydroisoquinoline derivatives 33.1 in which 
the substituent A is either the group link P(0)(0R^)2 or a precursor thereto, such as [OH], 
[SH), Br etc. The compounds are enployed in the preparation of the intermediate 
phosphonate esters 9, (Schemes 33 - 36) 

Scheme 91 iUnstrates n^thods for the synthesis of intemi^ates for the preparation of 
decahydroquinolines with phosphonate moieties at the 6-position. Two methods for the 
preparation of the beozenoid intermediate 91.4 are shown. 

In the jSrst route, 2-hydroxy-6-inethyIphenylaIanine 91*1, the preparation of which is described 
in J. Med. C3ienL, 1969, 12, 1Q28, is converted into the protected derivative 91.2. For 
exanq>le, the carboxylic acid is first transformed into the benzyl ester, and the product is 
reacted with acetic anhydride in the presence of an organic base such as, for exan[q>le, pyridine, 
to afford the product 91.2, in which R is benzyl This compound is reacted with a brommating 
agent, for exaiif>le N-bromosuccinimide, to effect benzyhc bromination and yield the product 
913. The reaction is conducted in an aprotic solvent such as, for exanq)le, ethyl acetate or 
carbon tetrachloride, at reflux. Hie brominated compoimd 91.3 is then treated with acid, for 
example dilute hydrochloric acid, to effect hydrofysis and cyclization to afford the 
tetrahydroisoquinoline 91.4, in which R is benzyL 

Akemativety, the tetrahydroisoquinoline 91.4 can be obtained from 2-hydroxyphenylalaiiine 
91.5, the preparation of which is described in Can. J. Bioch., 1971, 49, 877. This con^und is 
subjected to the conditions of the Pictet-Spengler reaction, for exann>le as described in Chexa 
Rev., 1995, 95, 1797. 

Typically, the substrate 91.5 is reacted with aqueous formaldehyde, or an equivalent such as 
parafomoaldehyde or dimethoxymethane, in the presence of hydrochloric acid, for example as 
desaibed in J. MeA ChenL, 1986, 29, 784, to afford the tetrahydroisoquinoline product 91.4, 
in which R is H. Catalytic hydrogenation of the latter conpound, using, for exanq>le, a 
platinmn catalyst, as described in J. Am. Chem. Soc, 69, 1250, 1947, or using rhodium on 
alumina as catalyst, as described in J. Med. Chem, 1995, 38, 4446, then gives the hydroxy- 
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substituted decahydroisoquinoline 91*6. The reduction can also be performed 
electrocbemicaUy, as described in Trans SAEST 1984, 19, 189. 

For exanq>le, the tetrahydroisoquinoline 91.4 is subjected to hydrogenation in an alcoholic 
solvent, in the presence of a dilute mineral acid such as hydrochloric acid, and 5% rhodium on 
5 ahunina as catalyst The hydrogenation pressure is ca. 750 psi, and the reaction is conducted at 
ca 50"^, to afford the decahydroisoquinoline 91.6. 

Protection of the carboxyl and NH groups present in 91.6 for exan^>le by conversion of the 
carboxylic acid into the trichloroethyl ester, as described in Protective Groups in Organic 
Synthesis, by T. W. Greene and P.G.M. Wuts, Wiley, 1991, p. 240, and conversion of the NH 

10 into the N-cbz group, as described above, followed by oxidation, using, for exan^le, 

pyridinium chlorochromate and the like, as described in Reagents for Organic Synthesis, by L. 
R Reser and M. Fieser, Volume 6, p. 498, affords the protected ketone 91.9, in whk:h R is 
trichloroethyl and Ri is cbz. Reduction of the ketone, for example by the use of sodium 
borohydride, as described in J. Ahl Chem. Soc, 88, 281 1, 1966, or lithium tri-tertiary butyl 

15 aluminum hydride, as described in J. Am. ChenL Soc., 80, 5372, 1958, then affords, the alcohol 
91.10. 

For example, the ketone is reduced by treatment with sodium borohydride in an alcoholic 

solvent such as isopropanol, at ambient tenoperature, to afford the alcohol 91.10. 

The alcohol 91.6 can be converted into the thiol 91.13 and the amine 91.14, by means of 

20 displacement reactions with suitable nucleophiles, with inversion of stereochemistry* For 
exaniple, the alcohol 91.6 can be converted into an activated ester such as the 
trifluoromethanesulfonyl ester or the methanesulfonate ester 91.7, by treatment with 
methanesulfonyl chloride and a base. The mesylate 91.7 is then treated with a sulfur 
nucleophfle, for exaiq)le potassium thioacetate, as desoibed in Tet. Lett., 1992, 4099, or 

25 sodium thiophosphate, as described in Acta Chem. Scand., 1960, 1980, to effect displacement 
of the mesylate, followed by mild basic hydrolysis, for example by treatment with aqueous 
ammonia, to afford the thiol 91.13. 

For exanaple, the mesylate 91.7 is reacted with one molar equivalent of sodium thioacetate in a 
polar orotic solvent such as, for exanple, dimethylformamide, at ambient temperature, to 
30 afford the thioacetate 91.12, in which R is COCH3. The product then treated with, a miW base 
such as, for example, aqueous annnonia, in the presence of an organic co-solvent such as 
ethanol, at ambient temperature, to afford the thiol 91.13. 
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The mesylate 91.7 can be treated with a nitrogen nucleophile, for exanqple sodium phthalimide 
or sodium bis(triiDethylsiIyl)amide, as described in Coiqprehensrve Organic Transformations^ 
by R. C. Larock, p399, foDowed by deprotection as desoibed previously, to afford the amine 
91.14. 

5 For example, the mesylate 91.7 is reacted, as described in Angew. Chem. Int. Ed., 7, 919, 
1968, with one molar equivalent of potassium phthalimide, in a dipolar aprotic solvit, such 
as, for example, dimethylformamide, at ambient tenq>erature, to afford the displacement 
product 91.8, in which NR^^ is phthalimido. Removal of the pbthalimido groiq>, for exBnspl& 
by treatment with an alcoholic solution of hydrazine at ambient temperature, as described in J. 
10 Org. ChenL, 38, 3034, 1973, then yields the amine 91.14. 

The application of the procedures described above for the conversion of the p-carbinol 91.6 to 
the a-thiol 91.13 and the a-amine 91.14 can also be applied to the a-<:arbinol 91.10, so as to 
afford the P-thiol and p-amme, 91.11. 

IS Scheme 92 illustrates the preparation of compounds in which the phosphonate moiety is 
attached to the decahydroisoquinoline by means of a heteroatom and a carbon chain. 
In this procedure, an alcohol, thiol or amine 92.1 is reacted with a bromoalkyl phosphonate 
92.2, under the conditions described above for the preparation of the phosphonate 90.4 
(Scheme 90), to afford the displacement product 923. Removal of the ester groiqp, followed 

20 by conversion of the acid to the R'*R^N amide and N-deprotection, as described herein, 
(Scheme 96) then yields the amine 92.8. 

For exanq>le, the compound 92.5, id which the carboxylic acid group is protected as the 
tricbloroethyl ester, as described in Protective Groups in Organic Synthesis, by T. W. Greene 
and P.GM. Wuts, Wiley, 1991, p. 240, and the amine is protected as the cbz group, is reacted 
25 with a dialkyl 3-bromopropylphosphonate, 92.6, the preparation of which is described in J. 
Am. Chem. Soc., 2000, 122, 1554 to afford the displacement product 92.7. Deprotection of 
the ester group, followed by conversion of the acid to the R'^R^ amide and N-deprotection, 
as described herein, (Scheme 96) then yields the amine 92.8. 

Using the above procedures, but employing, in place of the a-thiol 92.5, the alcohols, thiols or 
30 amines 91.6, 91.10, 91.11, 91.13, 91.14, of either a- or p-orientation, there are obtained the 
corresponding products 92.4, in which the orientation of the side chain is the same as that of 
the O, N or S precursors. 
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Schema 93 illustrates the preparation of phosphonates linked to the decahydroisoquinoline 
moiety by means of a nitrogen atom and a carbon chain. The conqpoimds are prepared by 
means of a reductive amination procedure, for example as described in Con^ehensive 
5 Organic Transformations, by R. Q Larock, p421. 

In this procedure, the anunes 91.14 or 91.11 are reacted with a phosphonate aldehyde 93.1, in 
the presence of a reducing agent, to afford the alkylated amine 93^. Deprotection of the ester 
group, followed by conversion of the add to the R'^NH amide and N-deprotection, as 
described herein, (Schen^ 96) then yields the amine 933. 

10 For example, the protected amino compound 91.14 is reacted with a dialkyl 

foniQrIphosphoiiate 93.4, the preparation of which is described in US Patent 3784590, in the 
presence of sodium cyanoborohydride, and a polar organic solvent such as ethanoHc acetic 
acid, as described in Org. Prep. Proc. Int., 11, 201, 1979, to give the amine phosphonate 93.5. 
Deprotection of the ester group, followed by conversion of the acid to the R'^R^ amide and 

15 N-deprotection, as described herein, (Scheme 96) then yields the amine 93.6. 

Using the above procedures, but employing, instead of the a-amine 91.14, the p isomer, 91.11 
and/or diff^ent aldehydes 93.1, there are obtained the corresponding products 933, in which 
the orientation of the side chain is the same as that of the amine precursor. 

20 Scheme 94 depicts the preparation of a decahydroisoquinoline phosphonate in which the 
phosphonate iiK>iety is linked by means of a sulfur atom and a carbon chain. 
In this procedure, a thiol phosplK)nate 94.2 is reacted with a mesylate 94.1, to effect 
displacement of the mesylate group with inversion of stereochemistry, to afford the thioether 
product 943, Deprotection of the ester group, followed by conversion of the acid to the 

25 R'^R^ amide and N-deprotection, as described herein, (Scheme 96) then yields the amine 
94.4. 

For exanq>le, the protected mesylate 94.5 is reacted with an equimolar amount of a dialkyl 2- 
mercaptoethyl phosphonate 94.6, the preparation of which is described in Aust. J. CheuL, 43, 
1 123, 1990. The reaction is conducted in a polar organic solvent such as ethanol, in the 
30 presence of a base such as, for exao^le, potassium carbonate, at ambient tenQ)^ature, to 
afford the thio ether phosphonate 94.7. Deprotection of the ester group, followed by 
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conversion of the add to the R*R^ amide and N-deprotection, as described herein, (Schenoe 
96) then yields the amine 94.8 

Using the above procedures, but en5)loying, instead of the phosphonate 94.6, different 
phosphonates 94.2, there are obtained the corresponding products 94.4. 

5 

Scheme 95 illustrates the preparation of decahydroisoquinoline phosphonates 95.4 in which 
the phosphonate group is linked by means of an aromatic or het^oaromatic ring. The 
compounds are prepared by means of a displacement reaction between hydroxy, tbio or amino 
substituted substrates 95.1 and a bronK>methyl substituted phosphonate 95.2. The reaction is 

10 performed in an aprotic solvent in the presence of a base of suitable strength, depending on the 
nature of the reactant 95.1. If X is S or NH, a weak organic or inorganic base such as 
triethylamine or potassium carbonate can be encployei If X is O, a strong base such as sodium 
hydride or lithium hexamethyldisij^lazide is required. The displacement reaction affords the 
ether, thioether or amine compounds 95.3. Deprotection of the ester group, followed by 

15 conversion of the acid to the R'^R^ amide and N-deprotection, as described herein, (Scheme 
96) thGn yields the amine 95.4. 

For example, the protected alcohol 95.5 is reacted at ambient terqperature with a diaOgrl 3- 
bronoomethyl phenyhnethylphosphonate 95.6, the preparation of which is described above, 
(Scheme 80). The reaction is conducted in a d^olar aprotic solvent such as, for exanq)le, 

20 dioxan or dimethylformamide. The solution of the carbinol is treated with one equivalent of a 
strong base, such as, for example, lithium hexamethyldisilylazide, and to the resultant mixture 
is added one molar equivalent of the bromon^thyl phosphonate 95.6, to afford the product 
95.7, Deprotection of the ester group, followed by conversion of the add to the R'^R^N amide 
and N-deprotection, as described herein, (Scheme 96) then yields the amine 95.8. 

25 Using the above procedures, but eiqploying, instead of the ^-carbinol 95.5, different carbinols, 
thiols or amines 95.1, of either a- or P-orientation, and/or different phosphonates 95.2, in 
place of the phosphonate 95.6, there are obtained the corresponding products 95.4 in which 
the orientation of the sideK:hain is the same as that of the starting material 95*1. 

30 Schemes 92-95 illustrate the preparation of decahydroisoquinohne esters incorporating a 
phosphonate group linked to the decahydroisoqmnoline nucleus. 
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Scheme 96 iflustrates the conversion of the latter group of compounds 96.1 (in whk:h the 
group B is ]ink-P(0)(0R^)2 or optionally protected precursor substituents thereto, such as, for 
example, OH, SH, NH2) to the corresponding R'^R^ amides 96^. 

As shown in Scheme 96, the ester con^unds 96.1 are deprotected to form the corresponding 
5 carboxyUc adds 96.2. The methods employed for the deprotection are chosen based on the 
nature of the protecting group R, the nature of the N-protecting group R^, and the nature of 
the substituent at the 6-positioa For example, if R is tricUoroethyl, the ester group is removed 
by treatment with zinc in acetic acid, as described in J. Am. Chem. Soc., 88, 852, 1966. 
Conversion of the carboxylic acid 96.2 to the R'^R^ amide 96.4 is then accomplished by 
10 reaction of the carboxylic add, or an activated derivative thereof, with the amine R^R^NH 
963 to afford the amide 96.4, using the conditions described above for the preparation of the 
amide 1.6. Deprotection of the NR^ group, as described above, then affords the free amine 
96.5. 
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Scheme 97 illustrates the preparation of the amides 37.1 in which the substituent A is either 
the group hnk P(0)(0R^)2 or a precursor thereto, such as [OH], [SH], Br etc, which are 
eny)loyed in the preparation of the intermediate phosphonate esters 10 (Schemes 37 - 40). In 
5 this procedure, the BOC-protected decahydroisoquinoline carboxyKc acid 97.1 is reacted with 
the tert. butylamine dedvative 25.1, in which the substituent A is the group Iink-P(0)(0R^)2, 
or a precursor group thereto, such as [OH], [SH], Br, etc, to afford the amide 97.2, The 
reaction is conducted as described above for the preparation of the amides 13 and 1.6. The 
BOC protecting group is then renM)ved to yield the amine 37.1. 

10 

Preparation of the phosphonate-containing thiazolidines 21.1. 

Schemes 98 - 101 iDustrate the preparation of the tfaiazolidine derivatives 37.1, in which the 
substituent A is either the group link P(0)(0R^)2 or a precursor thereto, such as [OH], [SH], 

15 Br etc, which are enq)loy6d in the preparation of the intermediate phosphonate esters 6. The 
preparation of the penicillanrine analogs 98.5 in which R is alkyl is described in J. Org. Chem., 
1986, 51, 5153 and in J. Labelled. Comp. Radiochem., 1987, 24, 1265. The conversion of the 
penicillamine analogs 98.5 into the corresponding thiazolidines 98.7 is described in J. Med. 
Chem., 1999, 42, 1789 and in J. Med. Chem., 1989, 32, 466. The above-cited procedures, and 

20 their use to afford analogs of the thiazoHdines 98.7 are shown in Scheroe 98. 

In this procedure, a methyl ketone 98.2 is reacted with methyl isocyanoacetate 98.1 to afford 
the aminoacrylate product 983. The condensation reaction is conducted in the presence of a 
base such as butyllithium or sodium hydride, in a solvent such as tetrahydrofttran at from -80'' 
to 0% to afford after treatment with aqueous ammonium chloride the N-formyl acrylate ester 

25 98.3. The latter con^und is then reacted with phosphorus pentasulfide or Lawessons reagmt 
and the like to yield the thiazoline derivative 98.4. The reaction is performed in an aprotic 
solvent such as benzene, for example as described in J. Org. Chem., 1986, 51, 5153. The 
thiazoline product 98.4 is then treated with dilute acid, for example dilute hydrochloric add, to 
produce the aminothiol 98.5. This conq)Ound is reacted with aqueous formaldehyde at pH 5, 

30 for example as described in J. Med. Chem., 1999, 42, 1789, to prepare the thiazolidine 98.6. 
The product is then converted, as described previously, iuto the BOC-protected analog 98.7. 
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Some exanDpIes of the use of the reactioDS of Scheme 98 for the preparation of ftmctionalty 
substituted thiazolidines 98.7 are shown below. 

Scheme 98, Exairple 1 illustrates the preparation of the BOC-protected hydroxymethyl 
thiazofidiue 98.11. In this procedure, methyl isocyanoacetate 98.1 is reacted with 
5 hydroxyacetone 98.8 in the presence of a base such as sodium hydride, to yield the 

aminoacrylate derivative 98.9. The product is then reacted with phosphorus pentasulfide, as 
described above, to prepare the thiazohne 98.10. The latter compound is then converted, as 
described above, into the thiazohdine derivative 98.11. 

Scheme 98, Exaiqple 2, depicts the preparation of bromophenyl-substituted thiazolidines 
10 98.14. In this reaction sequence, methyl isocyanoacetate 98.1 is condensed, as described 
above, with a bromoacetophenone 98.12 to give the aminocinnamate derivative 98.13. The 
latter compound is then transformed, as described above, into the thiazolidine derivative 
98.14. 

Scheme 98, Example 3 depicts the preparation of the B<X!-protected 
15 tfaiazohdine-S-carboxylk: acid 98.18. In this procedure, methyl isocyanoacetate 98.1 is reacted, 
as described above, with trichloroethyl pyruvate 98.15 to a£ford the anunoacrylate derivative 

98.16. This compound is then transformed, as described above, into the thiazolidine diester 

98.17. The trichloroethyl ester is then cleaved, for exaii:5)le by treatment with zinc in aqueous 
tetrahydrofuran at pH 4.2, as described in J. Am. Chem. Soc., 88, 852, 1966, to afford the 5- 

20 carboxyKc acid 98.18. 

Scheme 98, Exanq)le 4, depicts the preparation of the BOC-protected thiazolidine-4- 
carboxylic acid incorporating a phosphonate moiety. In this procedure, methyl isocyanoacetate 
98.1 is condensed, as described above, with a dialkyl 2-oxopropyl phosphonate 98.19, 
(Aldrich); the product 98.20 is then transformed, as described above, into the corresponding 

25 4-carbometho;i7thiazolidine. Hydrolysis of the methyl ester, for exanq>le by the use of one 
equivalent of lithium hydroxide in aqueous tetrahydrofuran, then yields the caiboxyHc acid 
98.21. 

Scheme 99 illustrates the preparation of BOC-protected thiazohdine-4-carboxyhc acids 
30 incorporating a phosphonate group attached by means of an oxygen atom and an alkylene 
chain. In this procedure, the hydroxymethyl thiazolidine 98.11 is reacted with a dialkyl 
bromoalkyl phosphonate 99.1 to afford the ether product 99 The hydroxymethyl substrate 
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98.11 is treated in dimethylformamide solution with a strong base such as sodium hydride or 
lithium hexamethyldisilylazide, and an equimolar amount of the hromo conq>ound 99.1 is 
added. The product 99.2 is then treated with aqueous base, as described above, to effect 
hydrofysis of the methyl ester to yield the carboxylic add 993. 
5 For exanople, the hydroxymethyl thiazolidine 98.11 is reacted with sodium hydride and a 
dialkyl hromoethyl phosphonate 99.4 (Aldrich) in dimethylformamide at 70% to produce the 
phosphonate product 993. Hydrolysis of the methyl ester then affords the carboxylic acid 
99.6. 

Using the above procedures, but en5)loying, in place of the dialkyl bromoethyl phosphonate 
10 99.4, different bromoalkyl phosphonates 99.1, the corresponding products 993 are obtained. 

Scheme 100 illustrates the preparation of BOC-protected thiazolidine-4-carboxylic acids 
incorporating a phosphonate group attached by means of a phenyl group. In this procedure, a 
bromophenyl-substituted thiazolidine 98.14 is coupled, as described above (Scheme 46) in the 
15 presence of a palladium catalyst, with a dialkyl phosphite 100.1, to produce the 

phenylphosphonate derivative 100.2. The methyl ester is then hydrolyzed to afford the 
carboxylic add 1003. 

For exan5)le, the BOC-protected 5-(4-bromophenyl)thiazolidme 100.4 is coupled with a 
dialkyl phosphite 100.1 to yield the product 100.5, which upon hydrolysis affords the 

20 carboxyHc acid 100.6. 

Using the above procedures, but employing, hi place of the 4-br6mophenyl thiazolidine 100.4, 
different hromophenyl thiazolidines 98.14, the corresponding products 1003 are obtained. 
Scheme 101 illustrates the preparation of BOC-protected thiazolidine-4-carboxylic acids 
incoiporating a phosphonate group attached by means of an anoide linkage. In this procedure, 

25 a thiazolidine-5-carboxyfic add 98.18 is reacted with a diallqd anrinoalkyl phosphonate 101.1 
to produce the amide 101.2. The reaction is conducted as described above for the preparation 
of the amides 1.3 and 1.6. The methyl ester is then hydrolyzed to afford the carboxylic add 
1013. 

For example, the carboxylic add 98.18 is reacted in tetrahydrofiiran solution with an 
30 equinoolar amount of a dialkyl aminopropyl phosphonate 101.4 (Acros) and 

dicyclohexylcarbodiimide, to afford the amide 1013. The methyl ester is then hydrolyzed to 
afford the carboxylic add 101.6. 
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Using the above procedures, but enq)loymg, in place of the dialkyl aminopropyl phosphonate 
101.4, different aminoalkyl phosphonates 101.1, the corresponding products 1013 are 
obtained. 
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Prq>aration of carbamates. 

Tbe phosphonate esters 5 - 12 in which the R^CO groups are formally derived from the 
5 carfooxylic acids C38 - C49 (Chart 2c) contain a carbamate linkage. The preparation of 

carbamates is described in Comprehensive Organic Functional Group Transformations, A. R. 
Katntzky, ed.» Pergamon, 1995, VoL 6, p. 416jBf, and in Organic Functional Group 
Preparations, by S. R. Sandler and W. Karo, Academic Press, 1986, p. 26Qff. 
Scheme 102 illustrates various methods by which the carbamate linkage can be synthesized. As 

10 shown in Scheme 102, in the genial reaction generating carbamates, a carbinol 102*1, is 
converted into the activated derivative 102^ in which Lv is a leaving group such as halo, 
imidazolyl, benztriazolyl and the like, as described herein. The activated derivative 102.2 is 
th^ reacted with an amine 1023, to afford the carbamate product 102.4. Exan^les 1 - 7 in 
Scheme 102 depict methods by which the general reaction can be effected. Exani^les 8-10 

IS illustrate alternative methods for the preparation of carbamates. 

Scheme 102, Example 1 illustrates the prq)aration of carbamates enq>loying a chloroformyl 
derivative of the caxbinol 1023. In this procedure, the carbinol 1023 is reacted with 
phosgene, in an inert solvent such as toluene, at about 0**, as described in Org. Syn. Coll. VoL 
3, 167, 1965, or with an equivalent reagent such as tdcUoromethoxy chloroformate, as 

20 described in Org. Syn. CoH VoL 6, 715, 1988, to afford the chloroformate 102.6. The latter 
confound is then reacted with the amine component 102.3, in the presence of an organic or 
inorganic base, to afford the carbamate 102.7. For example, the chloroformyl compound 102.6 
is reacted with the amine 1023 in a water-misdble solvent such as tetrahydrofuran, in the 
presence of aqueous sodium hydroxide, as descxribed in Org. Syn. ColL VoL 3, 167, 1965, to 

25 yield the carbamate 102.7. Alternative^, the reaction is performed in dicfaloromethane in the 
presence of an organic base such as diisopropylethylamine or dimethylaminopyridine. 
Scheme 102, Exancple 2 depicts tl^ reaction of the chloroformate concpound 102.6 with 
imidazole to produce the imidazolide 102.8. The imidazolide product is then reacted with the 
amine 1023 to yield the carbanoate 102.7. The preparation of the imidazolide is performed in 

30 an aprotic solvent such as dichloromethane at 0**, and the preparation of the carbamate is 
conducted in a similar solvent at ambient teniperature, optionally in the presence of a base 
such as dimethylaminopyridine, as described in J. Med. Chem., 1989, 32, 357. 
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Scheme 102 ExaiiQ)le 3, depkts the reaction of the chlorofonnate 102.6 with an activated 
hydroxyl compound R^OH, to yield the mixed carbonate ester 102.10. The reaction is 
conducted in an in^ organic solvent such as eth^ or dichloromethane, in the presence of a 
base such as dicyclohexylamine or triethylanune. The hydroxy! conq^nent R"OH is selected 
S from the group of coiiq[>ounds 102.19 - 102.24 shown in Scheme 102, and similar compounds. 
For example, if the component R"OH is hydroxybenztriazole 102.19, N-hydroxysucdnimide 
102.20, or pentacUorophenol, 102 JSl, the nnxed carbonate 102.10 is obtained by the reaction 
of the chlorofonnate with the hydroxy! compound in an ethereal solvent in the presence of 
dicyclohexylanaine, as described in Can. J. Chem., 1982, 60, 976. A similar reaction in which 
10 the component R"OH is pentafluorophenol 102.22 or 2-hydroxypyridine 102.23 can be 

performed in an ethereal solvit in the presence of triethylamine, as described in Syn., 1986, 
303, and Chem. Ber. 118, 468, 1985. 

Scheme 102 Exan[q>le 4 illustrates the preparation of carbamates in which an 
alkyloxycarbonylimidazole 102.8 is en^loyed. In this procedure, a cartdno! 102.5 is reacted 

IS with an equimolar amount of caibonyl diimidazole 102.11 to prepare the intenx^diate 102.8. 
The reaction is conducted in an aprotic organic solvent such as dictdoromethane or 
tetrahydrofuran. The acyloxyimidazole 102.8 is then reacted with an equhnolar amount of the 
amine R'NH2 to afford the carbamate 102.7. The reaction is performed in an aprotic organic 
solvent such as dichloromethane, as described in Tet. Lett., 42, 2001, 5227, to afford the 

20 carbamate 102.7. 

Scheme 102, Exanq>le 5 ilkistrates the preparation of carbamates by means of an intermediate 
alkox/carbonylbenztriazole 102.13. In this procedure, a carbino! ROH is reacted at ambient 
ten^erature with an equimolar amount of benztriazole carbonyl chloride 102.12, to afford the 

■ 

alkoxycarbonyl product 102.13. The reaction is performed in an organic solvent such as 
25 benzene or toluene, in the presence of a tertiary organic amine such as triethylamine, as 

described in Syit, 1977, 704. The product is then reacted with the anoine R'NH2 to afford the 
carbamate 102.7. The reaction is conducted in toluene or ethanol, at from ambient 
tenperature to about 80* as described in SyiL, 1977, 704. 

Scheme 102, Exan^le 6 illustrates the preparation of carbamates in which a carbonate 
30 (R"0)2C0, 102.14, is reacted v^h a carbinol 102.5 to afford the int^mediate 

alkyloxycarbonyl intermediate 102.15. The latter reagent is then reacted with the amine R'NH2 
to afford the carbamate 102.7. The procedure in which the reagent 102.15 is dmved from 
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hydroxybenztriazole 102.19 is described in Synthesis, 1993, 908; the procedure in which tte 
reagent 102.15 is derived from N-hydro^qrsucdnimide 102^ is described in Tet. Lett., 1992, 
2781; the procedure in which the reagent 102.15 is derived from 2-hydroxypyridine 102.23 is 
described in Tet. Lett., 1991, 4251; the procedure in which the reagent 102.15 is derived from 
4-nitrophenol 102.24 is described in Syn. 1993, 103. The reaction betwera equimolar amounts 
of the carbinol ROH and the carbonate 102.14 is conducted in an inert organic solvent at 
ambient tenQ)erature. 

Scheme 102, Exan^ple 7 illustrates the preparation of carbamates from alkoxycarbonyl azides 
102.16. In this procedure, an alkyl chloroformate 102.6 is reacted with an azide, for example 
sodium azide, to afford the alkoxycarbonyl azide 102.16. The latter conqiound is then reacted 
with an equinwlar amount of the amine RNHa to afford the carbamate 102.7. The reaction is 
conducted at ambient temperature in a polar aptotic solvent such as dimethylsulfoxide, for 
exan9>le as described in Syn., 1982, 404. 

Scheme 102, Example 8 ilhistrates the preparation of carbamates by means of the reaction 
between a carbinol ROH and the chloroformyl derivative of an amine 102.17. bi this 
procedure, which is described in Synthetic Organic Chemistry, R. B. Wagner, H. D. Zook, 
Wiley, 1953, p. 647, the reactants are comhmed at ambient ten^^erature in an aprotic solvent 
such as acetonitrile, in the presence of a base such as triethyiamine, to afford the carbamate 
102.7. 

Scheme 102, Example 9 illustrates the preparation of carbamates by means of the reaction 
between a carbinol ROH and an isocyanate 102.18. In diis procedure, which is described in 
Synthetic Organic Chemistry, R. B. Wagner, H. D. Zook, Wiley, 1953, p. 645, the reactants 
are combined at ambient temperature in an aprotic solvent such as ether or dichloromethane 
and the like, to afford the carbamate 102.7. 

Scheme 102, Exan5)le 10 ilhistrates the preparation of carbamates by means of the reaction 
between a carbinol ROH and an amine R'NH2. In this procedure, which is described in Chem. 
Lett. 1972, 373, the reactants are combined at anibient temperature in an aprotic organic 
solvent such as tetrahydrofuran, in the presence of a tertiary base such as triethylamme, and 
selenium. Carbon monoxide is passed through the solution and the reaction proceeds to afford 
the carbamate 102.7. 
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InterconversioDS of the phosphonates R-Iiiik-P(0)(OR% R-liiik-P(0)(OR^)(OH) and R- 
liiik-P(0)(0H)2. 

Schemes 1 - 102 described the preparations of phosphonate esters of the general structure R- 
link-P(0)(0R^)2» in which the groups R\ the structures of which are defined in Chart 1» may 
5 be the san^ or difi^ent. The R^ groups attached to a phosphonate esters 1 - 12, or to 
precursors thereto, may be changed using establisted chemical transformations. The 
interconversions reactions of phosphonates are iDustrated in Scheme 103. The group R in 
Schen^ 103 rqpresents the substructure to which the substituent Iink-P(0)(0R^)2 is attached, 
either in the conqpounds 1 - 12 or in precursors thereto. The R^ group may be changed, using 
10 the procedures described below, either in the precursor compounds, or in the est^ 1-12. 
The methods enq>loyed for a given phosphonate transformation depend on the nature of the 
substituent R\ The preparation and hydrolysis of phosphonate esters is described in Organic 
Phosphorus Contpounds, G. M. Kosolapoff, L. Maeir, eds, Wiley, 1976, p. 9fiE. 

The conversion of a phosphonate diester 103.1 into the corresponding phosphonate monoester 
IS 103^ (Scheme 103, Reaction 1) can be acconq>lished by a numtber of methods. For example, 
the ester 103;1 in which R^ is an aralkyl group such as benzyl, can be converted into the 
monoester compound 103.2 by reaction with a tertiary organic base such as 
diazabicyclooctane (DABCO) or quinuclidine, as described in J. Org. Chem., 1995, 60, 2946. 
The reaction is performed in an inert hydrocarbon solvent such as toluene or xylene, at about 
20 1 10\ The conversion of the diester 103.1 in which R^ is an aryl group such as phenyl, or an 
alkenyl group such as altyl, into the monoester 103.2 can be effected by treatment of the ester 
103.1 with a base such as aqueous sodium hydroxide in acetomtrile or lithium hydroxide in 
aqueous tetrahydrofuran. Phosphonate diest^s 103.1 in which one of the groups R^ is aralk^ 
such as benzyl, and the oth^ is alkyl, can be converted into the monoesters 103.2 in which R' 
25 is alkyl by hydrogenation, for example using a palladium on carbon catalyst. Phosphonate 
diesters in which both of the groups R^ are alkenyl, such as aUyl, can be converted into the 
monoester 103.2 in which R^ is alkenyl, by treatment with 

chlorotris(triphenylphosphine)rhodium (Wilkinson's catafyst) in aqueous etiianol at reflux, 
optionally in the presence of diazabicyclooctane, for exanq)le by using the procedure described 
30 . hi J. Org. Chem., 38, 3224, 1973 for the cleavage of alfyl carboxylates. 
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The conversion of a pho^honate diester 103.1 or a phosplK>nate monoest^ 103.2 into the 
corresponding phosphonic acid 1033 (Scheme 103, Reactions 2 and 3) can effected by 
reaction of the diester or the monoester with tiimethylsifyl bromide, as described in J. Chem. 
Soc., ChenL CormiL, 739, 1979. The reaction is conducted in an inert solvent such as, for 
5 exa£q>le, dicUoromethane, optionally in the presence of a sOylating agent such as 

bis(trimethylsQyI)tnfluoroacetaiDide, at anibient temperature. A phosphonate monoester 103.2 
in which is aralkyl such as benzyl, can be converted into the corresponding phosphonic acid 
103.3 by hydrogenation ov^ a palladium catalyst, or by treatment with hydrogra chloride in 
an ethereal solvent such as dioxan. A phosphonate monoester 103.2 in which R^ is alkenyl 

10 such as, for example, alljd, can be converted into the phosphonic acid 1033 by reaction with 
Wilkinson's catalyst in an aqueous organic solvent, for example in 15% aqueous acetonitrile, 
or in aqueous ethanol, for exan^le using the procedure described in Helv. Chim. Acta., 68, 
61 8, 1985. Palladium catalyzed hydrogenolysis of phosphonate esters 103.1 in which R^ is 
benzyl is described in J. Org. Chem., 24, 434, 1959. Platinmn-catalyzed hydrogenolysis of 

15 phosphonate esters 103.1 in which R^ is phenyl is described in J. Am. ChenL Soc., 78, 2336, 
1956. 

The conversion of a phosphonate monoest^ 103.2 into a phosphonate diester 103.1 (Scheme 
103, Reaction 4) in which the newly introduced R^ group is aOcyl, aralkyl, haloalkyl such as 
chloroethyl, or aralkyl can be effected by a number of reactions in which the substrate 103.2 is 

20 reacted with a hydroxy con^und R^OH, in the presence of a coupling agent. Suitable 

coupling agents are those enq)loyed for the preparation of carboxylate esters, and include a 
carbodiimide such as dicycbhexylcarbodiimide, in which case the reaction is preferably 
conducted in a basic organic solvent such as pyridine, or (benzotriazol-1- 
yloxy)tripyrrolidinophosphonium hexafhiorophosphate (PYBOP, Sigma), in which case the 

25 reaction is performed in a polar solvent such as dimethylformamide, in the presence of a 

tertiary organic base such as ditsopropylethylarrdne, or AIdrithiolr2 (Aldrich) in which case the 
reaction is conducted in a basic solvent such as pyridine, in the presence of a triaryl phosphiae 
such as triphenylphosphine. Alternatively, the conversion of the phosphonate monoester 103.2 
to the diester 103*1 can be effected by the use of the Mitsonobu reaction, as described above 

30 (Scheme 47). The substrate is reacted with the hydroxy conq)ound R^OH, in the presence of 
diethyl azodicarboxylate and a triary^hosphine such as trq>henyl phosphine. Alternative^, the 
phosphonate monoester 103.2 can be transformed into the phosphonate diester 103.1, in 
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which the introduced group is alkenyl or aralkyl, by reaction of the monoester with the 
halide R^Br, in which R^ is as alkenyl or aralkyL The alkylation reaction is conducted in a polar 
organic soh^ent such as dimethylfomoamide or acetonitrfle, in the presence of a base such as 
cesium carbonate. Alternatively, the pho^honate monoest^ can be transformed into the 
5 phosphonate diester in a two step procedure. In the first step, the phosphonate noonoest^ 
103*2 is transformed into the chloro analog RP(0)(OR^)a by reaction with thionyl chloride or 
oxalyl chloride and the like, as described in Organic Phosphorus Compounds, G. M 
Kosolapoflf, L. Maeir, eds, Wiley, 1976, p. 17, and the thus-obtained product RP(0)(OR*)a is 
then reacted with the hydroxy con5)Ound R^OH, in the presence of a base such as 
10 triethylamine, to afford the phosphonate diester 103.1. 

A phosphonic acid R-lihk-P(0)(0H)2 can be transformed into a phosphonate monoester 
RP(0)(OR^)(OH) (Scheme 103, Reaction 5) by means of the methods described above of for 
the preparation of the phosphonate diester R-link-P(0)(0R^)2 103.1, except that only one 
molar proportion of the con^nent R^OH or R^Br is employed. 

15 A phosphonic acid R-link-P(0)(OH)2 103,3 can be transformed into a phosphonate diester R- 
link-P(0)(OR^)2 103.1 (Scheme 103, Reaction 6) by a coupling reaction with the hydroxy 
compound R^OH, in the presence of a coupling agent such as Aldrithiol-2 (Aldrich) and 
triphenylphosphine. The reaction is conducted in a basic solvent such as pyridine. 
Alternatively, phosphonic acids 103.3 can be transformed into phosphonic est^ 103.1 in 

20 which R^ is aryl, by means of a coupling reaction employing, for example, 

dicyclohejq^lcarbodiimide in pyridine at ca 70*. Attematively, phosphonic acids 1033 can be 
transfomied into phosphonic esters 103.1 in which R^ is alkenyl, by means of an aSqrlation 
reaction. The phosphonic acid is reacted with the alkenyl bromide R^Br in a polar organic 
solvent such as acetonitrile solution at reflux temperature, the presence of a base such as 

25 cesium carbonate, to afford the phosphonic ester 103.1. 
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Scheme 102 
General reaction 
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Scheme 103 
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General applicability of methods for iiitroduction of phosphonate substiturats. 

The procedures described herein for the introduction of phosphonate ]ix>ieties (Schemes 45 - 
101) are, with appropriate modifications known to one skilled in the art, transferable to 
dififerent chemical substrates. Thus, the methods described above for the introduction of 
phosphonate groups into hydroxymethyl benzoic acids (Schemes 45 - 52 ) are applicable to the 
introduction of phosphonate moieties into the dimethoxyphenol, quinoline, phenylalanine, 
thiophenol, tert. butylamine, benzyiamine, decafaydroisoquinoline or thiazolidine substrates, 
and the methods described herein for the introduction of phosphonate moieties into the 
dimethoxyphenol, quinoline, phenylalanine, thiophenol, tert. butylamine, benzylanodne, 
decahydroisoquinoline or thiazolidine substrates, (Schemes 53 - 101) are applicable to the 
introduction of phosphonate moieties into carbinol substrates. 



Preparation of phosphonate intermediates 11 and 12 with phosphonate moieties 
1 5 incorporated into the groups R*CO and R^^"N. 
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The chemical transformations described in Schemes 1 - 103 iOustrate the preparation of 
conq)ounds 1 -10 in which the phosphonate ester moiety is attached to the benzoic acid 
iDoiety, (Schemes 46 - 52), the dimethylphenol moiety (Schen^ 53 • 56), the quinoline 
5 carboxamide moiety (Schemes 57 - 61), the S-hydro^^isoquinoline moiety (Schemes 62 - 66), 
the phenylalanine moiety (Schemes 67 - 71), the thiophenol moiety, (Schemes 72 - 83), the 
tert. butylamine moiety, (Schemes 84 - 87 ), the benzylamine moiety, (Schemes 88 - 90 ), the 
decahydroisoquinoline moiety, (Schemes 91 - 97 ) or the thiazoUdine moiety, (Schemes 98 - 
101). The various chemical methods enq>loyed for the preparation of phosphonate groups can, 
. 10 with appropriate modifications known to those skilled in the art, be applied to the introduction 
of a phosphonate ester group into the conopounds R^COOH and R^^^^NH, as defined in 
Charts 3a, 3b, 3c and 4. The resultant phosphonate-containing analogs, designated as 
R^^COOH and R^^^^^H can then, using the procedures described above, be en5)loyed in the 
preparation of the compounds 11 and 12. The procedures required for the utilization of the 
15 phosphonate-containing analogs R^OOH and R*^"*NH are the same as those described 
above for the utilization of the R^COOH and R^^^NH reactants. 

Cyclic carbonvl phosphonate protease inhibitors fCCPPD 

20 Scheme Section B 

Schemes 1 and 2 are described below in the Examples. 
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Example Section B 
RyflTTi plft 1 

Scheme 1 : Example, [4-(7-Beiizyt3,6"his-benzyloxy-4,5-€lihyd^^ 
5 ylmethyl)-pheno3Qraiethy3-phosphonic acid dibenzyl ester (7) 

The cyclic sulfide 1 is prepared according to the procedures reported by Kim et aL (J. Med. 
Ghent 1996, 39, 3431-3434) and Bischofberger (W096/14314, Gflead Sciences). Treatment 
of the sulfide 1 with 4-benzyloxybenzaldehyde affords the benzyl ether 2 (J. Med. Chem. 

10 1996, 39, 343 1-3434). A second alkylation with benzaldehyde gives 3 which is subsequently 
treated with excess benzylhroimde to afford fuH substituted product 4. Ozone is used to 
covert the sulfide to the sulfone 5 (J. Med. Oiem. 1996, 39, 3431-3434). Sulfone 5 is treated 
with TFA to give the phenol 6 which upon alkyahion with trifluoro-methanesulfomc acid bis- 
benzyloxy-phosphorylmethyl ester in the presence of base (e.g. cesium carbonate) gives the 

15 dibenzyl phosphonate 7. 

The meta analog, [3-(7-Benzyl-3,6-bis-benzyloxy-4,5-dihydroxy-l , 1-dioxo- 116-thiepan-2~ 
ylmethyl>-phenoxyDDiethyl]-phosphonic acid dibenzyl ester and ortho analog, [2-(7-Benayl-3,6- 
bis-benzyloxy-4,5Hiihydro:q^-l,l-dioxo-116-thiepan-2-ylmethyl)-phenoxy^ 
20 acid dibenzyl ester are prepared using Scheme 1 except 4-ben2yloxybenzaldehyde is replaced 
with 3-benzyloxybenzaldehyde and 2-benzyloxybenzaldehyde respectively. 

Exan ylft 2 

Scheme 2 : Example, [3-(2,7-Dfl)enzyl-6-benzyloxy-4,5-dihydroxy-l,l-dioxo-116-thiepan-3- 
25 ylo}cymethyr)-phenoxyn]ethyl]-phosphomc acid dibenzyl ester (13). 

The sulfide 8 is prepared according to the procedure of Kim et al (J. Med. ChenL 
1996, 39, 3431-3434) and is then treated with benzyl bromide in the presence of sodium 
hydride to give the benzyl ether 9. A second treatment with 3-t-butyloxybenzylchloride in the 
30 presence of sodium hydride affords the benzyl ether 10. Ozone treatment of the benzyl ether 
10 gives the sulfone ll.(J. Med. Chem. 1996, 39, 3431-3434) which is then treated with TFA 
to give the phenol 12 (Green), Phenol 12 is treated with trifluoro-methanesulfonic acid bis- 
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benzyloxy-phosphorylmethyl ester in the presence of base (e.g. cesium carbonate) to give the 
dibenzyl phosphonate 13. 

The para analog, E3-(2,7-Dibenzyl-6-benzyloxy-4,5-dihydroxy- 1 , 1 -dioxo- 116-thiepan- 
3-yloxymethyl)-phenoxymethyl]-phosphonic acid dibenzyl ester, and ortho analog, [3-(2,7- 
Dibenzyl-6-ben^loxy-4,5-^ydroxy-l, 1 -dioxo-116-thiepan-3-yloxymethyl)-phenoxyn»thyI]- 
phosphonic acid dibenzyl ester, are prepared using the same procedures found in Scheme 2 
except utilizing the 4-t-butyloxybenzylchloiide and 2-t-butyloxyben:q^lchloride instead of 3-t- 
butyb^i^benzylchloride. The benzylchlofides are prepared from the corresponding 
commercially available benzylalcohols by treatment with thionyl chloride {Jour, Chenu Soc. 
(1956), 2455-2461). 
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Scheme Section C 

Schemes 1-4 are described in the Exaniples. 

Scheme 1 . 
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Scheme 2 
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Scheme 3 
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Scheme 3 
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Scheme 4 
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Scheme 4 (continued) 
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Example Section C 
Exanq)le 1 

Scheme 1 : Exaiiq>Ie, {4-[13-Bis-(3K:arbainoyl-beii2yI)-5-faydrojq^-2-oxo-6-pte 
hexahydr6-pyri]indin-4-ylinethyl]-phenoxy^ acid dibenz}^ ester (6) 

Commercially available Z-D-Tyr(TBU>OH 1 is converted to the tetrahydropyrimidine 
2 using the same procedures reported by De Lucca for conv^:sion of Z-Phe into the analogous 
tetrahydropyrinridinone (J. Med. Chem. 1997, 40, 1707-1719). Bis-alkylation by treatment 
with excess m-cyanobenzylbromide affords the disubstituted urea 3 (L Med. Chem. 1997, 40, 
1707-1719). Rerooval of the MEM groiq> and the t-butyl ether using standard conditions e.g. 
TFA (Green) affords the diol 4. Treatment of the diol 4 with hydrogen peroxide in DMSO 
affords the carboxamide 5. Alkyation of S with trifiuoro-methanesulfonic acid bis-benzyloxy- 
phosphorylmethyl ester in the presence of base (e.g. cesium carbonate) affords the dibenzyl 
phosphonate 6. 

The meta analog, {3-[l,3-Bis-(3-caii)amoyl-ben2yl)-5-hydroxy--2-oxo-6-phenethyl- 
hexahydro-pyiin3idiiiH4-ylmethyl]-phenoxymethyl}-phosphonic acid dibenzyl ester and para 
analog, {2-[l,3-Bis-(3K:aibamoyl-benzyl)-5-hydroxy-2-oxo-6-phenethyl-hexiah^ 
4-ylmethyr|-phenoxymethyl}-phosphomc acid diben^l est^ are prepared using Scheme 1 
except substituting Z-D-mrTyr(TBU)-OH and Z-D-o-Tyr(TBU)-OH for 2^D-Tyr(TBU>OH 
respectively. The Z-D-m-Tyr(TBU)-OH and Z-D-o-Tyr(TBU)-OH amino acids are prepared 
from the unprotecetd amino acids. Thus, D-m-Tyr-OH and D-o-Tyr-OH (see Abbott scheme 
1) are treated v/ith dibenzyl dicarbonate in the presence of base e.g. triethylamine to afford the 
Z-D-m-Tyr-OH and Z-D-o-Tyr-OH protected amino acids respectively. Further treatment of 
Z-D-m-Tyr-OH and Z-D-o-Tyr-OH with t-butyl chloride in the presence of base e.g. pyridine 
affords the Z-D-m-Tyr(TBU)-OH and Z^D-o-Tyr(TBU)-OH amino acids respectively 
(Green). 

Example 2 

Scheme 2 : Exan:5)le, (4-{2-[6-BenzyH,3-bis-(3-carbamoyl-ben2yI)-5-(2-methoxy- 
ethoxymethoxy)-2-oxO"hexahydro-pyriniidin-4-yl]-ethyl} -phenoxymethyl)-phosphonic acid 
dibenzyl ester (13) 
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Boc-Phe 7 is converted to the allyiic alcohol 8 using the same procedures reported by De 
Lucca et aL for the conversion of Z-Phe to the corresponding Z- altyHc alcohol (J. Med 
ChenL 1997, 40, 1707-1719). The allyiic alcohol 8 is reacted with 4- 
methoxybenzyhnagnesium cUoride to afford the alkene 9 (J. Med. Cheia 1997, 40, 1707- 
5 1719). llie 4-methox)rbenzyltnagnesiuni cUoride is pr^ared fronoL 4^ 

according to the procedure of Van Carnpen et aL (J. Amer. ChenL Soc. 1948, 70 p2296). 
Tte alkene 9 is converted to the tetrahydropyrimidinone 10 using the same smes of 
procedures reported by De Lucca et aL (J. Med Chem. 1997, 40, 1707-1719). Treatment of 
the nitrile 10 with hydrogen peroxide in DMSO affords the carboxanmde 1 1 (Synthesis, 1989, 
10 949-950). The carfooxanude 1 1 is treated with tiimetfaylsilylhromide to form the phenol 12 
(Green) which is then alkylated with trifhioro-methanesulfonic acid bis-benzyloxy- 
phosphoiyhnethyl ester in the presence of base (e.g. cesium carbonate) to yield the dibenzyl 
phosphonate 13. 

15 Theortho, (2-{2-[6-Benzyl-l,3-bis-(3-carbamoyl-benzyl)-5-(2-methoxy-etlK)3g^ 

oxo-hexahydro-pyriniidin-4-yr|-ethyl}-phenoxymethyl)-phosphonic acid dibenzyl ester and 
meta, (3- { 2- [6-Benzyl- 1 ,3-bis-(3-cait)anioyl-benz3d)-5-(2-metho}qr-ethoxymethoxy)-2-oxo- 
hexahydro-pyrinBdin-4-yl]-ethyl}-phenoxymethyl)-phosphonic acid dibenzyl ester analogs, are 
prepared using the same procedures reported in Scheme 2 except 4-niethoxybenzylmagnedum 

20 cMoride is replaced with 2-methoxybenzylmagnesium chloride and 3- 

niethoxybenzytoagnesrum cUoride respectively. Hie grignard reagents are prepared from 
conur^rciaUy available benzyl chlorides usmg the procedure of Van Canq>en et aL (J. Amer. 
Ghent Soc. 1948, 70 p2296). 

25 Example 3 

Scheme 3 : Example, {3-[6-Benzyl-3-(3-carbanioyl-benzyl)-5-hydroxy-2-oxo-4-phenethyl- 
tetrahydro-pyrinridto-l-ylmethyl]-phenoxymethyl}-phosphonic acid dibenzyl ester (24). 

Boc-Phe 7 is converted into the azide 14 using the same procedures reported by De Lucca et 
30 aL for the conversion of CBZ-Phe into the analogous CBZ azide (J. Med. C3iem. 1997, 40, 
1707-1719). Catalytic hydrogenolysis of the azide affords the amine 15 (J. Med. Chem. 1997, 
40, 1707-1719). Reductive aminaUon of the amine with 3-cyanobenzaldehyde (US 6313110) 
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affords the secondary amine 16. Treatment with 4N HQ affords the primary amine 17 
(Green). Reductive amination with 3-benzyloxybenzadehyde affords the benzyl ether 18 (US 
6313110). Treatment of the benzyl ether 18 with MEM-chloride in the presence of base (e.g. 
DBBA) forms the MEM protected product 19 (J. Med Chem. 1997, 40, 1707-1719). 
5 Treatment of diamine 19 with CDI affords the tetrahydropyrimidinone 20. Treatment of the 
nitrile 20 with DMSO and hydrogen peroxide (Synthesis 1989, 949-950) affords the 
carboxamide 21. Catalytic hydrogenolysis affords the phenol 22 (Green) which is then 
alkjdated with trifluoro-methanesulfonic acid bis-benzyloxy-phosphoryhnethyl ester in the 
presence of base (e.g. cesium carbonate) to yield the diben:^! phosphonate 23. Removal of 
10 the MEM group using trifluoroacetic acid affords the product 24 (Green). 

The ortho {2-[6-Benzyl-3-(3K:arbamoyl-benzyI)-5-hydroxy-2-oxo-4-phenethyl-tetrahydro- 
pyrimidin-l-ylnaBthyl]-phenoxymethyl}-phosphomc add dibenzyl ester, and para, {4-[6- 
Benzyl-3-(3-carbamDyl-benzyl)-5-hydroxy-2-oxo-4-phenethyl-tetrahydro-pyrim 
IS yhnethylj-phenoxymethyl} -phosphonic add diben27yl ester are prepared using the same 
procedures reported in Scheme 3 except substituting 3-benzyloxybenzaldehyde with 2- 
benzyloxybenzaldehyde and 4-benzylpxybenzaldehyde respectively. 

Exanyie 4 

20 Scheme 4 : Example, {3-[4-Ben2yl-3-(3-carbamoyl-benzyl)-5-hydroxy-2-oxo-6-phenethyl- 
tetrahydro-pyrinndin-l-ylrnethyI]-phenoxymethyl} -phosphonic acid dibenzyl ester (33) 

The amine 15 (Scheme 3) is transformed to the secondary andne 25 through reductive 
amination with 3-benzyloxybenzadehyde (US 6313110). Treatment of BOC-amine 25 with 

25 trifluoroacetic add releases the primary amine 26 (Green) which is then subjected to a second 
reductive amination with 3-cyanobeiizaldehyde to afford the bis-substituted amine 27 (US 
6313110). Treatment of the benzyl ether 27 with MEM-cWoride in the presence of base (e.g. 
DIEA) forms the MEM protected product 28 (J. Med. Caiena. 1997, 40, 1707-1719). 
Treatment of diamine 28 with CDI affords the tetrahydropyrimidinone 29. Treatment of the 

30 nitrile 29 with DMSO and hydrogen peroxide (Synthesis 1989, 949-950) affords the 
carboxamide 30. Catalytic hydrogenotysis affords the phenol 31 (Green) which is then 
alkylated with trifhioro-methanesulfonic acid bis-benzyloxy-phosphoryhnethyl ester in the 
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presence of base (e.g. cesium carbonate) to yield the dibenzyl phosphonate 32. Rerooval of 
the MEM group using triftaoroacetic acid affords the product 33 (Green). 

Rxam plft 5 

Qrtho analog, {2-[4-Benzyl-3-(3H:arbanM)yl-ben2yI)-5-hydroxy-2K)Xo-6-phenea^^ 
pyrimidin-l-yhnethyIl--phenoxyniethyl)-phosphomc acid dibenzyl ester and para analog, {4-[4- 
Benzyl-3-(3K:arbanioyl-benzyI)-5-hydroxy-2-oxo-6-phenethyl-tetr^ 

yhi^thyll-ptenoxyniethyll-phosphonic acid dibenzyl est^ are prepared using Scheme 4 except 
replacing 3-benzyloxybegazadehyde with 2- benzyloxybenzadehyde and 4- 
benzylojiybenzadehydes respectively^ 
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Scheme Section D 

Schemes 1-6 are desoibed in the examples. 
Scheme 1 
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Scheme 2 
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Scheme 3 
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Scheme 4 
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Scheme 6 
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Example Section D 

RxflTTi plft 1 

Scheme 1 : Exaniple; [2-(2-Beiizyloxy-phenyl)-lK)xirmyl-ethyl]-caibai^ acid tert-butyl ester 
(8) 



Commercial^ available DL-o-tyrosine 1 (Ftaka) is treated with I^aminoacid oxidase and 
oxygen according to the procedure of Sun et aL (J. Med. Chem. 1998, 41» 1034-1041) to 
afford the D-o-tyrosine 2. Reaction with di-t-butyl-dicarbonate in the presence of base affords 
the boc protected amino acid 3 (J. Med. CJiem. 1998, 41, 1034-1041), The boc protected 
acid 3 is then treated with benzyl bromide in the presence of potassium carbonate to afford the 
benzyl ether 4 (J. Med. Chem. 1998, 41, 1034-1041). The four st^ sequence reported for 
the preparation of the corresponding epoxide of phenylalanine (see J. Med. ChenL 1994, 37, 
1758-1768) is used to prepare the desired epoxides. Thus, the acid 4 is treated with 
isobutylcUoroformate in the presence of N-methylmorphoIine to afford the mixed anhydride 
which is then treated with diazomethane to afford the a-diazoketone 5 (see scheme 1). The 
ketone 5 is treated with HQ to form the a-chloroketone 6 which is then reduced with sodium 
borohydride to form the chloro alcohol 7. The 2S, 3R diastereoisomer is separated by 
chromatography and treated with base (e,g. potassium hydroxide) to afford the epoxide 8. 



Commercially available DL-m-tyrosine 9 (Aldrich) is resolved by treatment with a- 
chymotrypsin to afford D-m>tyrosine 10 (Reel.: J. R. Neth. Chem. Soc. 1984, 103, 4, pUO- 
111.) (Scheme 2). The tyrosine 10 is then treated in the same manner as the I>-o-tyrosine 
(Scheme 1) to form the m-benzyloxy epoxide 11. 

The Boc-D-Tyr(BzO-OH acid is commericaDy available (Bachem) and is treated according to 
the four step procedure in Scheme 1 to generate the p-ben2yloxy epoxide 13 shown in Scheme 
3. 

Example 2 

Scheme 3 : Bxaxoplt, {4-[l-Benzyt6-hydroxy-2,4-bis-(4-hydroxy-3-methoxy-ben2y0-3-oxo- 
[l,2,4]triazepan-5-y]methyl]-phenoxymethyl}-phosphonic acid dibenzyl ester 
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The boc protected benzylhydrazme 12 is prepared by cond^isation of boc-caibazate with 
benzaldehyde followed by catafytic hydrogenolysis (J, Chem. Soc. Perkin Trans. 1 1975, 1712- 
1720). Treatment of the epoxide 13 with the boc protected benzylhydrazme 12 affords the 
alcohol 14 (J. Med. Cbsm. 1996, 39, 392-397). Benzylation of the secondary alcohol with 
benzylcUoiide in the presence of base (Green) affords the benzylether 15. Deprotection of the 
BOC groiq>s with trifhioroacetic acid yields the diamine 16 (Green). CDI mediated cycHzation 
affords the cyc^ triazacycloheptanone 17 (J. Med. Chem. 1996, 39, 392-397). Alkyation of 
the nitrogens with [2-(4-cWoroinethyl-2-methoxy-phenoxyniethoxy)-ethy]]-trimetl^ 
(prepared according to the reference J. Med. C3iem. 1996, 39, 392-397) affords the bis- 
substituted triazacycloheptanone 18 (J. Med. Chem. 1996, 39, 392-397). Catalytic 
hydrogenolysis affords the unprotected phenol 19 (Green) which upon alkylation with 
trifluoro-rnethanesulfonic acid bis-benzyloxy-phosphorylmethyl ester in the presence of base 
(e.g. cesiom carbonate) yields the dibenzyl phosphonate 20. RerxK>val of the sifyl protecting 
groups using tdmethylsilyl chloride or anhydrous HO m methanol affords the dibenzyl 
phosphonate ester product 21 (J. Med. Chem. 1996, 39, 392-397). 

The meta substituted analog {3-[l-Benzyl-6-hydroxy-2,4-bis-(4-hydroxy-3-methoxy-benzyl)- 
3-oxo-[l,2,4]triazepan-5-yhriethyl]-phenoxymethyl}-phosphonic acid dibenzyl est^ or tte 
ortho analog, {2-[l-Benzyl-6-hydro^-2,4-bis-(4-hydroxy-3-rnethoxy-bmzyI)-3-oxo- 
[l,2,4]triazepan-5-yliiiethyI]-phenoxymethyl}-phosphomc add dibenzyl est^, are prepared 
using the same methods except replacing the p-benzyloxyepoxide 13 with the meta- and ortho- 
substituted b^izyloxy epoxides, 11 and 8, respectively. 

Scheme 4 : Exanq)le, {4-[5-Beiizyl-6-hydroxy-2,4-bis-(4-hydroxy-3-rnethoxy-beiizyl)-3-oxo- 
[l,2,4]triazepan-l-ylmethyII-phenoxymethyl}-phosphonic acid dibenzyl ester (30) 

p-Benzyloxybenzaldehyde 22 is treated with boc-carbazate and then reduced by catalytic 
hydrogenolysis to afford the hydrazine 23 (J. Chem. Soc. Perkin Trans. 1 1975, 1712-1720). 
The Boc epoxide 25 is prepared from the corresponding CBZ epoxide 24 by catalytic 
hydrogenolysis followed by treatment with BOC anhydride (Green). The CBZ- epoxide 24 is 
prepared according to the procedure of Shamet aL (J. Med. Chem. 1996, 39, 392-397). 
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Treatment of the epoxide 25 with the hydrate 23 affords the alcx>hol 26. The alcohol 26 is 
treated with benzyl hroimde in tte presence of base (e.g. cesium carbonate) to afford the 
dib^iz^d con5>ound 27 (Green). The Boc groups are then removed using trifhioroacetic add 
to yield diamine 28 (Green). Subjectiag the diamme 28 to the same procedures shown in 
Scheme 1 then affords the dibenzyl phosphonate ester 29. Reax>val of the sityl protecting 
groups using trimethylsflyl chloride or anhydrous HQ in methanol affords the dibenzyl 
phosphonate ester product 30 (/. Med. Chem. 1996, 39, 392-397). 

The corresponding meta- and ortho- analogs are prepared using the same procedinres 
as in Scheme 4 except substituting p-benzyloxybenzaldehyde with m- or o- 
benzyloxyfoenzaldebyde respectively. 

Exagple4 

Scheme 5: {3-[l,5-Dibenzyl-4-(4-hydroxy-3-methoxy-beiizyl)-3'<>xo-6-(2-triniet^^ 
ethoxymethoxy)-[l,2,4]triazepan-2-ylniethyl]-phenoxymethyl}-pho^^ acid dibenzyl ester 
(36) 

The SEM protected triazacycloheptanone 31 is prepared according to the reported 
procedure of Sham et aL (J. Med. Chem. 1996, 39, 392-397). Regioselective alkylation by 
treatment of the tdazacyclohqptanone with m-benzylo3^b^izykhloride and sodium hydride in 
DMF affords 32 which is then alkylated a second time under similar conditions to afford the 
bis-substituted con5>ound 33 (J. Med. Chem. 1996, 39, 392-397). Catalytic hydrogenolysis 
affords the phenol 34 (Green). Alkylation with tnfiuoro-methanesulfonic add bis-benzyloxy- 
phosphorylmethyl ester using the standard conditions affords the dibenzyl ester 35. Removal 
of the silyl protecting groups using trimethylsilyl chloride or anhydrous HCl in methanol 
affords the dibenzyl phosphonate ester product 36 (J. Med. ChenL 1996, 39, 392-397). 

Ortho analog {2-[l,5-Dibenzyl-4-(4-hydroxy-3-n^thoxy-benzyl)-3-oxo-6-(2- 
trimethylsilanyl-ethoxymethoxy)- [ 1 A4] triazepan-2-ylmethyl]-phenoxymethyl} -phosphonic 
acid dibenzyl ester and para analog {4-[l,5-Dibenzyl-4-(4-hydroxy-3-ntethoxy-benzyl)-3-oxo- 
6-(2-trimethylsilanyl-ethoxymethoxy)-[l,2,4]triazepan-2-ylniethyl]-phenoxyi^ 
phosphonic acid dibenzyl ester are prepared using the same procedures except substituting o- 
benzylo^g^benzylchloride and p-benzyloxybenzylchloride respectively, for the m- 
benzyloxybenzylchloride. O-benzyloxybenzylchloride is prepared from o- 
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benzyloxybenzaldehyde by reduction with sodium borohydride and then treatment with 
methanesulfonylcMoride (J. Med. ChenL 1996, 39, 392-397). 

Examples 

5 Scheme 6: {3-[l,5-Diben2yl-6-hydroxy-2-(4-hydroxy-3-metho^-benzy0-3-oxo- 
[l,2,4]triazepan-4-yhnethyl]-phenoxymethyl}-phosphonic add dibenzyl ester (41) 

The SEM protected triazacycloheptanone 31 is prepared according to the reported 
procedure of Sham et aL (L Med. Chem. 1996, 39, 392-397). Regiosekctive alkylation by 
treatment of the triazacycloheptanone with SEM protected benzylchloride and sodium hydride 

10 in DMF affords 37 which is then alkylated with m-benzyloxybenzylchloride und^ similar 
conditions to afford the bis-substituted compound 38 (J. Med. Chem. 1996, 39, 392-397). 
Catalytic hydrogenolysis affords the phenol 39 (Green). Alkylation with trifluoro- 
methanesutfonic acid bis-benzyloxy-phosphoryhnethyl ester using the standard conditions 
affords the dibenzyl ester 40. Removal of the silyl protecting groups using trimethylsilyl 

IS chloride or anhydrous HCl in methanol affords the dibenzyl phosphonate ester product 41 (J. 
Med. Chem. 1996, 39, 392-397). 

Ortho analog, {2-[l,5-I>ibenzyl-6-hydroxy-2-(4-hydroxy-3-methoxy-benzyl)-3-oxo- 
[l,2,4]triazepan-4-ylmethyl]-phenoxymethyl}-phosphonic acid dibenzyl ester and para analog, 
20 {4-[l,5-Dibenzyl-6-hydroxy-2-(4-hydroxy-3-methoxy-ben2yl)-3-oxo-[l,2,4]tria^ 

ylmethyl]-phenoxyinethyl}-phosphonic acid dibenzyl ester are prepared using the same 
procedures except substitutiag o-benzyloxybenzylchloride and p-benzyloxybenzylchloridc 
respectively, for the mrbenzyloxyben2ylchloride. 
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Scheme General Section 

General aspects of these exein)lary methods are described below and in the Exanople. 
Each of the products of the following processes is optionally separated, isolated, and/or 
purified prior to its use in subsequent processes^ 

5 The terms "treated", "treating", "treatment", and the like, mean contacting, mixing, 

reacting, allowing to react, bringing into contact, and other terms common in the art for 
indicating that one or more chemical entities is treated in such a manner as to convert it to 
one or more other chemical entities. This means that "treating compound one with compound 
two" is synonymous with "allowing compound one to react with con^und two", "contacting 

10 compound one with con:^x)und two", "reacting compound one with conq>ound two", and 
other e;q)ressions common in the art of organic synthesis for reasonably indicating that 
compound one was "treated", "reacted", "allowed to react", etc., with compound two. 

"Treating" indicates the reasonable and usual manner in which organic chemicals are 
allowed to react Normal concentrations (O.OIM to lOM, typically O.IM to IM), 

15 temperatures (-lOO^C to 250^C, typically -78°C to 150"C, more typicaUy -78^C to 100**C, 
still more typically O^^C to IWC), reaction vessels (typically glass, plastic, metal), solvents, 
pressures, atmospheres (typically air for oxygen and water insensitive reactions or nitrogen or 
argon for oxygen or water sensitive), etc., are intended unless otherwise indicated. The 
knowledge of similar reactions known in the art of organic synthesis is used in selecting the 

20 conditions and apparatus for "treating" in a given process. In particular, one of ordinary skill 
in the art of organic synthesis selects conditions and ^paratus reasonably expected to 
successfully carry out the chemical reactions of the described processes based on the 
knowledge in the art. 

ModlBcations of each of the exemplary schemes above and in the exanq>les (hereafter 
25 "exemplary schemes") leads to various analogs of the specific exen5)lary materials produce. 
The above cited citations describing suitable methods of organic synthesis are appUcable to 
such modifications. 

In each of the exemplary schemes it may be advantageous to separate reaction 
products firom one another and/or firom starting materials. The desired products of each step 

30 or series of steps is separated and/or purified (hereinafter separated) to the desired degree of 
homogeneity by the techniques common in the art Typically such separations involve 
multiphase extraction, crystallization from a solvent or solvent mixture, distillation, 
sublimation, or chromatography. Chromatography can involve any number of methods 
includiug, for example, size exclusion or ion exchange chromatography, high, medhmo, or 

35 low pressure liquid chromatography, small scale and preparative thin or thick layec 

chromatography, as well as techniques of small scale thin layer and flash chromatography. 
Another class of separation methods involves treatment of a mixture with a reagent 
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selected to bind to or render otherwise separable a desired product, onreacted starting 
matmal, reaction by product, or the like* Such reagents include adsorbents or absorbents 
such as activated carbon, molecular sieves, ion exchange noedia, or the like. Alternatively, 
the reagents can be acids in the case of a basic material, bases in the case of an acidic 

5 material, binding reagents such as antibodies, binding proteins, selective chelators such as 
crown eth^, liquid/liquid ion extraction reagents (LIX), or the like. 

Selection of ^propriate methods of separation depends on the nature of the materials 
involved. For example, boiling point, and molecular weight in distillation and sublimation, 
presence or absence of polar functional groups in chromatography, stability of materials in 

10 acidic and basic media in imiltiphase extraction, and the like. One skilled in the art will apply 
techniques most likely to achieve the desired separation. 

All literature and patent citations above are hereby expressly incorporated by 
reference at the locations of their citation. Specifically cited sections or pages of the above 
cited works are incorporated by reference with specificity. The invention has been described 

15 in detail sufiBcient to allow one of ordinary skill in the art to make and use the subject matter 
of the following Embodiments. It is apparent that certain modifications of the methods and 
conqK>sitions of the following Embodiments can be made within the scope and spirit of the 
invention. 
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Scheme 1001 
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Scheme 1001 shows the inteiconversions of certain phosphonate compounds: acids - 
5 P(0)(OH)2; mono-esters -P(0)(ORi)(OH); and diesters -P(0)(0Ri)2 in which the groups 
aie independent^ selected, and delSned herein before, and the phosphorus is attached through 
a carbon moiety (liok, Le. linker), which is attached to the rest of the molecule, e.g. drag or 
drug intermediate (R). The groups attached to the phosphonate estars in Scheme 1001 
may be changed using established chemical transformations. The interconv^sions may be 
10 carried out in the precursor conq>ounds or the final products using the methods described 

below. The m&thods employed for a given phosphonate transformation depend on the natmre 
of the substituent The preparation and hydrolysis of phosphonate esters is described iq 
Organic Phosphorus Conyounds . G. M. Kosolapoff, L. Maeir, eds, Wiley, 1976, p. 9£f. 

The convCTsion of a phosphonate diester 27.1 into the corresponding phosphonate 
15 noonoester 27J2 (Scheme 1001, Reaction 1) can be acconq>lished by a niunber of methods. 
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For exaii^)le» the ester 27*1 in which is an arylalkyi group such as benzyl, can be 
conv^ed into the monoester conq)ound 27.2 by reaction with a tertiary organic base such as 
diazabicyclooctane (DABCO) or quinuclidine, as described in Org. Chem.^ 1995, 60:2946. 
The reaction is performed in an inert hydrocarbon solvent such as toluene or xylene, at about 
S 1 lO'^C. The conversion of the diester 27.1 in which is an aryl group such as phenyl, or an 
alkenyl group such as allyl, into the monoest^ 27*2 can be effected by treatment of the est6f 
27.1 with a base such as aqueous sodium hydroxide in acetonitrile or lithinm hydroxide in 
aqueous tetrahydrofiiran. Phosphonate diesters 27.2 in which one of the groups R^ is 
arylalkyi, such as benzyl, and the other is alkyl, can be converted into the monoesters 27.2 in 

10 which R^ is alkyl, by hydrogenation, for exanq)le using a palladium on carbon catalyst. 
Phosphonate diesters in which both of the groups R^ are alkenyl, such as allyl, can be 
converted into the ironoester 27.2 in which R^ is alkenyl, by treatment with 
chIorotris(trq>henylphosphine)rhodium (Wilkinson's catalyst) in aqueous ethanol at reflux, 
optionally in the presence of diazabicyclooctane, for exan^le by using the procedure 

15 described in /. Org. Chenu, 38:3224 1973 for the cleavage of allyl carboxylates. 

The conversion of a phosphonate diester 27.1 or a phosphonate monoester 27.2 into 
the corresponding phosphonic acid 27.3 (Scheme 1001, Reactions 2 and 3) can be effected by 
reaction of the diester or the monoester with trimethylsilyl bromide, as described in /. CherrL 
Soc, Chem. Comm.j 739, 1979. The reaction is conducted in an inert solvent such as, for 

20 example, dichloromethane, optionally in the presence of a silylating agent such as 

bi5(trimethylsilyl)trifiuoroacetamide, at ambient tenaperature. A phosphonate monoester 27.2 
in which R^ is arylalkyi such as benzyl, can be converted into the corresponding phosphonic 
acid 27.3 by hydrogenation over a palladium catalyst, or by treatment with hydrogen chloride 
in an ethereal solvent such as dioxane. A phosphonate monoester 27.2 in which B} is alkenyl 

25 such as, for example, allyl, can be converted into the phosphonic acid 273 by reaction with 
Wilkinson's catalyst in an aqueous organic solvent, for example in 15% aqueous acetonitrile, 
or in aqueous ethanol, for example using the procedure described in Helv. Chinu Acta.^ 
68:618, 1985. Palladium catalyzed hydrogenolysis of phosphonate esters 27.1 in which R^ is 
benzyl is described in J. Org, Chem.^ 24:434, 1959. Platinumrcatalyzed hydrogenolysis of 

30 phosphonate esters 27.1 in which R* is phenyl is described in 7. Amer. ChenL Soc, 78:2336, 
1956. 

The conversion of a phosphonate monoester IIJ, into a phosphonate diester 27.1 
(Scheme 1001, Reaction 4) in which the newly introduced R' group is alkyl, arylalkyi, or 
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haloalkyl such as chloroethyl, can be effected by a nuiDber of reactioDS in which the substrate 
21.2 is reacted with a hydroxy coixq>ound R^OH, in the presence of a coupling agent. 
Suitable coupling agents are those employed for the preparation of carboxylate esters» and 
include a carbodiimide such as dicyclohexylcarbodiimide, in which case the reaction is 
S preferably conducted in a basic organic solvent such as pyridine, or (benzotriazotl- 

yloxy)tnpyrro]idinophosphonium hexafluorophosphate (PYBOP, Sigma), in which case the 
reaction is perfoxmed in a polar solvent such as dimethylformamide, in the presence of a 
t^tiary organic base such as diisopropylethylamine, or Aldrithiol-2 (Aldrich) in which case 
the reaction is conducted in a basic solvent such as pyridine, in the presence of a triaryl 

10 phosphine such as triphenylphosphiue. Alternatively, the conversion of the phosphonate 

monoester 27.1 to the diest^ 27.1 can be effected by the use of the Mitsunobu reaction. The 
substrate is reacted with the hydroxy conq>ound R^OH, in the presence of diethyl 
azodicarboxylate and a triarylphosphine such as triphenyl phosphine. Alternatively, the 
phosphonate monoester 27.2 can be transformed into the phosphonate diester 27.1, in which 

IS the introduced R^ group is alkenyl or arylalkyl, by reaction of the monoester with the halide 
R^Br, in which R^ is as alkenyl or arylaDcyL The alkylation reaction is conducted id a polar 
organic solvent such as dimethylformamide or acetonitrQe, in the presence of a base such as 
cesium carbonate. Alternatively, the phosphonate monoester can be transformed into the 
phosphonate diester in a two step procedure. In the first step, the phosphonate monoester 

20 27.2 is transformed into the chloro analog -P(OXOR^)a by reaction with thionyl chloride or 
oxalyl chloride and the like, as described in Organic Phosphorus Coniqpounds, G. M. 
Kosolapof^ L. Maeir, eds, Wiley, 1976, p. 17, and the thus-obtained product -P(0)(pR^)a is 
then reacted with the hydroxy coiiq>ound R^OH, in the presence of a base such as 
triethylamine, to afford the phosphonate diester 27.1. 

25 A phosphonic acid -P(0)(0H)2 can be transformed into a phosphonate monoester 

-P(OXOR^)(OH) (Scheme 1001, Reaction 5) by means of the noethods described above of for 
the preparation of the phosphonate diester -P(0)(0R*)2 27.1, except that only one molar 
proportion of the conq)onent R^OH or R^Br is en^loyed. 

A phosphonic acid -P(0)(0H)2 273 can be transformed into a phosphonate diester 

30 -P(0)(OR')2 27.1 (Scheme 1, Reaction 6) by a coupling reaction with the hydroxy compound 
R^OH, m the presence of a coupling agent such as Aldrithiol-2 (Aldrich) and 
triphenylphosphine. The reaction is conducted in a basic solvent such as pyridine. 
Alt^uatively, phosphonic acids 273 can be transformed into phosphonic esters 27.1 in which 
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is aryl, such as phenyl, by means of a coupling reaction employing, for example, phenol 
and dicyclohexylcarbodiimide in pyridine at about VO'^C Alternatively, phosphonic acids 
27.3 can be transformed into phosphonic esters 27.1 in which is alkenyl, by means of an 
alkylation reaction. The phosphonic acid is reacted with the alkenyl bromide R^Br in a polar 
organic solvent such as acetonitrile solution at reflux temperature^ in the presence of a base 
such as cesium carbonate, to afford the phosphonic ester 27*1. 
Amino alkyl phosphonate compounds 809: 



are a genaic representative of con^unds 81 1, 813, 814, 816 and 818. Sonoe methods to 
prepare embodiments of 809 are shown in Scheme 1002. Commercial amino phosphonic 
acid 810 was protected as carbamate 811. The phosphonic acid 81 1 was converted to 
phosphonate 812 upon treatment with ROH in the presence of DCC or other conventional 
coupling reagents. Couplmg of phosphonic acid 811 with esters of amino acid 820 provided 
bisamidate 817. Conversion of acid 81 1 to bisphenyl phosphonate followed by hydrolysis 
gave mono-phosphonic add 814 (Cbz = C6H5CH2C(0>- ), which was then transformed to 
mono-phosphonic amidate 815. Carbamates 813, 816 and 818 were converted to their 
corresponding amines upon hydrogenatioiL Confounds 811, 813, 814, 816 and 818 are 
useful intermediates to form the phosphonate conq>ounds of the invention. 

Preparation of carboalkoxy-substitated phosphonate bisamidates, monoamidateSy 
diest^rs and monoesters. 

A number of methods are available for the conversion of phosphonic acids into amidates and 
esters. In one group of methods, the phosphonic acid is either converted into an isolated 
activated intermediate such as a phosphoiyl chloride, or the phosphonic acid is activated in 
situ for reaction with an amine or a hydroxy compound. 




809 
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Hie conversion of phosphonic acids into phosphoryl chlorides is acconq>lished by reaction 
with thionyl chloride, for example as described in J. Gen. Chem. USSR, 1983, 53, 480, Zh. 
Obschei Khim., 1958, 28, 1063, or J. Org. Chem., 1994, 59, 6144, or by reaction with oxalyl 
chloride, as described in J. Am. Chem. Soc., 1994, 1 16, 3251, or J. Org. Chem., 1994, 59, 
5 6144, or by reaction with phosphorus pentachloride, as described in J. Org. CbenL, 2001, 66, 
329, or in J. Med. Chem., 1995, 38, 1372. The resultant phosphoryl chlorides are then 
reacted with amines or hydroxy confounds in the presence of a base to afford the amidate or 
ester products. 

10 Phosphonic acids are converted into activated hnidazolyl derivatives by reaction with 
carbonyl diimidazole, as described in J. Chem. Soc., ChenL Comm., 1991, 312, or 
Nucleosides Nucleotides 2000, 19, 1885. Activated sulfonyloxy daivatives are obtained by 
the reaction of phosphonic acids with trichloron^thylsulfonyl chloride, as described in J. 
Med. Chem. 1995, 38, 4958, or with tiiisopropylbenzenesulfonyl chloride, as described in 

15 Tet Lett., 1996, 7857, or Bioorg. Med. Chem. Lett., 1998, 8, 663. The activated sulfonyloxy 
derivatives are then reacted with amines or hydroxy con^)ounds to afford amidates or est^. 
Alternatively, the phosphonic acid and the amine or hydroxy reactant are combined in the 
presence of a diimide coi:^ling agent. The preparation of phosphonic amidates and esters by 
means of coupling reactions in the presence of dicyclohexyl carbodiimide is described, for 

20 exanq)le, in J. Chem. Soc., Chem. Comm., 1991, 312, or J. Med. Chem., 1980, 23, 1299 or 
ColL Czech. Chena. Comna., 1987, 52, 2792. The use of ethyl dunethylaminopropyl 
carbodiimide for activation and coupling of phosphonic acids is described in Tet. Lett., 2001, 
42, 8841, or Nucleosides Nucleotides, 2000, 19, 1885. 

25 A number of additional coupling reagents have been described for the preparation of 

amidates and esters from phosphonic acids. The agents include Aldrithiol~2, and PYBOP and 
BOP, as described in J. Org. Chem., 1995, 60, 5214, and J. Med. Chem., 1997, 40, 3842, 
mesitylene-2-sulfonyl-3-nitro-l,2,4-triazole (MSNT), as described in J. Med. Chem., 1996, 
39, 4958, diphenylphosphoryl azide, as described in J. Org. Chem., 1984, 49, 1158, l-(2,4,6- 

30 triisopropylbenzenesulfonyl-3-nitro-l,2,4-triazole (TPSNT) as described in Bioorg. Med. 
Chem. Lett., 1998, 8, 1013, hromotris(dimethylamino)phosphonium hexafluorophosphate 
(BroP), as described in Tet. Lett, 1996, 37, 3997, 2-chloro-5,5-dimethyl-2-oxo-l,3,2- 
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dioxaphosphinane, as described in Nucleosides Nucleotides 199S» 14, 871, and diphenyl 
cMorophosphate, as desoibed in J. Med Chem., 1988, 31, 1305. 

Phosphonic acids are converted into amidates and esters by means of the Mitsonobu reaction, 
5 in which the phosphonic acid and the ainine or hydroxy reactant are combined in the presence 
of a triaryl phosphine and a dialkyl azodicaifooxylate. The procedure is described in Org. 
Lett, 2001, 3, 643, or J. Med. C3ienL, 1997, 40, 3842. 

Phosphonic esters are also obtained by the reaction between pho^honic acids and halo 
10 confounds, in the presence of a suitable base. The method is described, for exa:QDple, in 
Anal. ChenL, 1987, 59, 1056, or J. Chem. Soc. Perkm Trans., 1, 1993, 19, 2303, or J. Med. 
Chem., 1995, 38, 1372, or Tet. Lett, 2002, 43, 1 161. 



Schemes 1-4 illustrate the conversion of phosphonate esters and phosphonic acids into 
15 carboalkoxy-substituted phosphorobisamidates (Scheme 1), phosphoroamidates (Scheme 2), 
phosphonate monoesters (Scheme 3) and phosphonate diesters, (Scheme 4). 

Scheme 1 illustrates various methods for the conversion of phosphonate diesters 1*1 into 
phosphorobisamidates 1*5. The diester 1.1, prepared as described previously, is hydrolyzed, 

20 either to the monoester 1.2 or to the phosphonic acid 1.6. The methods enq>Ioyed for these 
transfonnations are desoibed above. The monoester 1.2 is converted into the monoamidate 
13 by reaction with an aminoester 1.9, in which the group is H or alkyl, the group is an 
alkylene moiety such as, for CKsanplc, CHCIfc, CHPr^, CH(CH2Ph), CH2CH(CH3) and the 
like, or a group present in natural or roodified aminoacids, and the group is alkyL The 

25 reactants are combined in the presence of a coupling agent such as a carbodiimide, for 
example dicyclohexyl carbodiimide, as described in J. Am. Chem. Soc., 1957, 79, 3575, 
optionally in the presence of an activating agent such as hydroxybenztriazole, to yield the 
amidate product 1.3. The amddate-forming reaction is also effected in the presence of 
coupling agents such as BOP, as described in J. Org. Chem., 1995, 60, 5214, Aldrithiol, 

30 PYBOP and srcnilar coupling agents used for the preparation of amides and esters. 

Alternatively, the reactants 1.2 and 1.9 are transformed into the monoamidate 13 by means 
of a Mitsonobu reaction. The preparation of amidates by means of the Mitsonobu reaction is 
described in J. Med. Chem., 1995, 38, 2742. Equimolar amounts of the reactants are 
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combined in an inert solvent such as tetrahydrofiiran in the presence of a triaryl phosphine 
and a diaBcyl azodicarboxylate. The thus-obtained monoanoddate ester 13 is then transfomoed. 
into amidate phosphonic acid 1.4. The conditions used for the hydrolysis reaction depend on 
the nature of the group, as described previously. The phosphonic acid amidate 1.4 is then 
5 reacted with an aminoester 1.9, as described above, to yield the bisamidate product 1.5, in 
which the amino substituents are the same or different 

An exant^Ie of this procedure is shown in Scheme 1, Example 1. In this procedure, a 
dibenzyl phosphonate 1.14 is reacted with diazabicyclooctane (DABCO) in totaene at reflux, 

10 as described in J. Org. Chem, 1995, 60, 2946, to afford the monobenzyl phosphonate 1.15. 
The product is then reacted with equimolar amounts of ethyl alaninate 1.16 and dicyclohexyl 
carbodiimide in pyridine, to yield the amidate product 1.17. The benzyl group is then 
removed, for example by hydrogenolysis over a palladium catalyst, to give the monoacid 
product 1.18. This compound is then reacted in a Mitsonobu reaction with ethyl leucinate 

15 1.19, triphenyl phosphine and diethylazodicarboxylate, as described in J. Med. CheuL, 1995, 
38, 2742, to produce the bisamidate product 1.20. 

Using the above procedures, but en5)loying, in place of ethyl leucinate 1.19 or ethyl alaninate 
1.16, different aminoesters 1.9, the corresponding products 1.5 are obtained. 

20 

Alternatively, the pho^honic acid 1.6 is converted into the bisamidate 1.5 by use of the 
coupling reactions described above. The reaction is performed in one step, in which case the 
nitrogen-related substituents present in the product 1.5 are the same, or in two steps, ia which 
case the nitrogen-related substituents can be differenL 
25 An example of the method is shown in Scheme 1, Exan^le 2. In this procedure, a 

phosphonic acid 1.6 is reacted in pyridine sohition with excess ethyl phenylalaninate 1.21 and 
dicyclohexylcarbodiimide, for exan5)le as described in J. Chem. Soc, Chem. Comm., 1991, 
1063, to give the bisamidate product 1.22. 

30 Using the above procedures, but employingy in place of ethyl phenylalaninate, diflFerent 
aminoesters 1.9, the corresponding products 1,5 axe obtained. 



-1154- 



I, 



wo 03/090690 PCT/DS03/12901 

As a further alternative, the phosphonic acid 1.6 is converted into the mono or bis-activated 
derivative in which Lv is a leaving group such as chloro, imidazolyl, 
triisopropylbenzenesulfonyloxy etc. The conversion of phosphonic acids into chlorides 1.7 
(Lv = is effected by reaction with thionyl chloride or oxalyl chloride and the like, as 
5 described in Organic Phosphorus Con5)ounds, G. M. Kosolapoff, L. Maeir, eds, Wiley, 1976, 
p. 17. The conversion of phosphonic acids into monoimidazolides 1*7 (Lv = imidazolyl) is 
described in J. Med. Chem., 2002, 45, 1284 and m L Chem. Soc. Chem. Comm., 1991, 312. 
Alternatively, the phosphonic acid is activated by reaction with triisopropylbenzenesulfonyl 
chloride, as described in Nucleosides and Nucleotides, 20CK), 10, 1885. The activated product 
10 is then reacted with the aminoester 1.9, in the presence of a base, to give the bisamidate 1^. 
The reaction is performed in one step, in which case the nitrogen substituents present in the 
product 1^ are the same, or in two steps, via the intomediate 1.11, in which case the nitrogen 
substituents can be different. 

15 Examples of these methods are shown in Scheme 1, Examples 3 and 5. In the procedure 
illustrated in Scheme 1, Example 3, a phosphonic acid 1.6 is reacted with ten mo]at 
equivalents of thionyl chloride, as described in Zh. Obschei KhioL, 1958, 28, 1063, to give 
the dichloro con^oimd 1.23. The product is then reacted at reflux temperature in a polar 
aprotic solvent such as acetonitrile, and in the presence of a base such as triethylamine, with 

20 butyl serinate 1.24 to afford the bisamidate product 1.25. 

Using the above procedures, but enploying, in place of butyl serinate 1.24, different 
aminoesters 1.9, the corresponding products 1.5 are obtained. 

25 In the procedure illustrated in Scheme 1, Example 5, the phosphonic acid 1.6 is reacted, as 
described in J. Chem. Soc. Chem. Comm., 1991, 312, with carbonyl diimidazole to give the 
imidazolide 1.32. The product is then reacted in acetonitrile solution at ambient teiqperature, 
with one molar equivalent of ethyl alaninate 1.33 to yield the monodisplacement product 
134. The latter compound is then reacted with carbonyl diimidazole to produce the activated 

30 intermediate 135, and the product is then reacted, under the same conditions, with ethyl N- 
methylalaninate 1.33a to give the bisamidate product 136. 
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Using the above procedures, but eu^Ioying, in place of ethyl alaninate 133 or ethyl N- 
methylalaninate 1.33a, different aminoesters 1.9» the corresponding products .1^ are 
obtained. 

5 The intermediate monoamidate 13 is also prepared from the monoester 1^ by first 

converting the monoester into the activated derivative 1.8 in which Lv is a leaving group such 
as halo, imidazolyl etc, using the procedures described above. The product 1.8 is then 
reacted with an aminoester 1.9 in the presence of a base such as pyridine, to give an 
intermediate monoamidate product 13. The latter compoimd is then converted, by removal 
10 of the group and coupling of the product with the annnoester 1.9, as described above, into 
the bisamidate 1.5. 

An example of this procedure, in which the phosphonic acid is activated by conversion to the 
chloro derivative 1.26, is shown in Scheme 1, Example 4. In this procedure, the phosphonic 

15 n3onoben27l ester 1.15 is reacted, in dichloromethane, with thionyl chloride, as described in 
Tet. Let., 1994, 35, 4097, to afford the phosphoryl chloride 1.26. The product is then reacted 
in acetonitrile solution at ambient tenq)erature with one molar equivalent of ethyl 3-amino-2' 
methylpropionate 1.27 to yield the monoamidate product 1.28. The latter con^und is 
hydrogenated in ethyl acetate over a 5% palladium on carbon catalyst to produce the 

20 monoacid product 1.29. The product is subjected to a Mitsonobu coupling procedure, with 
equimolar amounts of butyl alaninate 130, triphenyl phosphine, diethylazodicarboxylate and 
triethylamine in tetrahydrofuran, to give the bisamidate product 131. 

Using the above procedures, but employing, in place of ethyl 3-arQino-2-methylpropionate 
25 1.27 or butyl alaninate 130, different aminoesters 1.9, the corresponding products 1.5 are 
obtained. 

The activated phosphonic acid derivative 1.7 is also converted into the bisamidate 1.5 via the 
diamine conq>oimd 1.10. The conversion of activated phosphonic acid derivatives such as 
30 phosphoryl chlorides into the corresponding amino analogs 1.10, by reaction with ammonia, 
is described in Organic Phosphorus Compounds, G. M. Kosol^wfi^ L. Maeir, eds, Wiley, 
1976. The diamino con^und 1.10 is then reacted at elevated temperature with a haloester 
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in a polar organic solvent such as dimethylformamide, in the presence of a base such as 
.dimethylaminopyridine or potassium carbonate, to yield the bisaniidate 1.5. 
An example of this procedure is shown in Scheme 1, Example 6. In this method, a 
dichlorophosphonate 1.23 is reacted with ammonia to afford the diamide 1*37. The reaction 
S is performed in aqueous, aqueous alcoholic or alcoholic solution, at reflux temp^ture. The 
resulting diamino conq>ound is then reacted with two molar equivalents of ethyl 2-bromo-3- 
methylbutyrate 1.38, in a polar organic solvent such as N-methylpyrrolidinone at ca. ISC'C, 
in the presence of a base such as potassium carbonate, and optionally in the presence of a 
catalytic amount of potassium iodide, to afford the bisamidate product 139, 

10 

Using the above procedures, but employing, in place of ethyl 2-biomo-3-methyIbutyrate 138, 
different haloesters 1.12 the corresponding products 1.5 are obtained. 

The procedures shown in Scheme 1 are also applicable to the preparation of bisamidates in 
15 which the aminoester moiety incorporates different functional groups. Scheme 1, Example 7 
illustrates the preparation of bisamidates derived from tyrosine. In this procedure, the 
monoimidazolide 1.32 is reacted with propyl t3frosinate 1.40, as described in Example 5, to 
yield the monoamidate 1.41. The product is reacted with carbonyl diimidazole to give the 
imidazolide 1.42, and this mat^ial is reacted with a further molar equivalent of propyl 
20 tyrosinate to produce the bisamidate product 1.43. 

Using the above procedures, but employing, in place of propyl tjrosinate 1.40, different 
aminoesters 1.9, the corresponding products 1.5 are obtained. The aminoesters enqployed in 
the two stages of the above procedure can be the same or different, so that bisamidates with 
25 the same or different amino substituents are prepared. 

Scheme 2 illustrates methods for the preparation of phosphonate monoamidates. 
In one procedure, a phosphonate monoester 1.1 is converted, as described in Scheme 1, into 
the activated derivative 1.8. This con^und is then reacted, as described above, with an 
30 aminoester L9, in the presence of a base, to afford the monoamidate product 2.1. 

The procedure is iUustrated in Scheme 2, Example 1. In this method, a nK)nophenyl 
phosphonate 2.7 is reacted with, for example, thionyl chloride, as described in J. Gen. QieuL 
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USSR., 1983, 32, 367, to give the chloro pioduct 2.8. The product is then reacted, as 
described in Scheme 1, with ethyl alaninate 2.9, to yield the amidate 2.10. 

Using the above procedures, but enq)loymg, in place of ethyl alaninate 2.9, dtSorent 
S anunoesters 1.9, the corresponding products 2.1 are obtained. 

Alternatively, the phosphonate monoest^ 1.1 is coupled, as described in Scheme 1, with an 
aminoester IS to produce the amidate 2.1. If necessary, the substituent is then altered, by 
initial cleavage to afford the phosphonic acid 2.2. The procedures for this transformation 
10 depend on the nature of the R group, and are described above. The phosphonic acid is then 
transformed into the ester amidate product 23, by reaction with the hydroxy compound 
R^OH, in which the group R^ is aryl, heteroaryl, alkyl, cycloalkyl, haloalkyl etc, using the 
same coupling procedures (carbodiimide, Aldrithiol-2, PYBOP, Mitsonobu reaction etc) 
described in Scheme 1 for the coupling of amines and phosphonic acids. 
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Scheme 1 Example 3 
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Scheme 1 Example 7 
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Exaicples of this method are shown in Scheme 2, Exanq)les and 2 and 3. In the sequence 
shown in Example 2, a nK>nobenzyl phosphonate 2.11 is transformed by reaction with ethyl 
alaninate, using one of the methods described above, into the monoamidate 2.12. The benzyl 
group is then removed by catalytic hydrogenation in ethyl acetate solution over a 5% 
palladium on carix>n catalyst, to afford the phosphonic acid amidate 2.13. The product is 
then reacted in dichloromethane solution at ambient temperature with equinoolar amounts of 
l-(dimethylaminopropyl)-3-ethylcarbodiimide and trifluoroethanol 2.14, for example as 
described in Tet. Lett, 2001, 42, 8841, to yield the amidate ester 2.15. 



In the sequence shown in Scheme 2, Example 3, the monoamidate 2.13 is coupled, in 
tetrahydrofuran solution at ambient temperature, with equimolar amounts of dicyclohexyl 
carbodiinodde and 4-hydroxy-N-methylpiperidine 2.16, to produce the amidate ester product 
15 2.17. 

Using the above procedures, but.enaploying, in place of the ethyl alaninate product 2.12 
different monoacids 2.2, and in place of trifluoroethanol 2.14 or 4-hydroxy-N- 
methylpiperidine 2.16, different hydroxy compounds R^OH, the corresponding products 23 
20 are obtained. 



Alternatively, the activated phosphonate ester 1.8 is reacted with ammonia to yield the 
amidate 2.4. The product is then reacted, as described in Scheme 1, with a haloester 2.5, in 
the presence of a base, to produce the amidate produa 2*6. If appropriate, the nature of the 
25 groiq) is changed, using the procedures described above, to give the product 2.3. The 

UDiethod is illustrated in Scheme 2, Example 4. In this sequence, tte mtonophenyl phosphoryl 
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chloride 2.18 is reacted, as described in Scheme 1, with ammonia, to yield the amino product 
2.19. This material is then reacted in N-methylpyrrolidinone solution at ITO^C with butyl 2- 
bromo-3-phenylpropionate 2.20 and potassium carbonate, to afford the amidate product 2.21. 
Using these procedures, but en^loying, in place of butyl 2-bromo-3-phenyIpropionate 2.20, 
different haloesters 2.5, the corresponding products 2.6 are obtained. 

The monoamidate products 23 are also prepared from the doubly activated phosphonate 
derivatives 1.7. In this procedure, exaniples of which are described in Synlett., 1998, 1, 73, 
the intermediate 1*7 is reacted with a limited anoount of the aminoester 1.9 to give the mono- 
displacement product 1.11. The latter compound is then reacted with the hydrpxy cocopoimd 
R^OH in a polar organic solvent such as dimethylformamide, in the presence of a base such 
as diisopropylethylamine, to yield the monoamidate ester 23. 

The method is iUustrated in Scheme 2, Exaniple 5. In this method, the phosphoryl dichloride 
2.22 is reacted in dichloromethane solution with one molar equivalent of ethyl N-methyl 
tyrosinate 2.23 and dime&ylaminopyridine, to generate the nK)noamidate 2.24. The product 
is then reacted with phenol 2.25 in dimethylformamide containing potassium carbonate, to 
yield the est^ amidate product 2Jt6. 

Using these procedures, but employing, in place of ethyl N-methyl tyrosinate 2.23 or phenol 
2.25, the aminoesters 1.9 and/or the hydroxy compounds R^OH, the corresponding products 
2.3 are obtained. 
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Scheme 2 Example 4 
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Scheme 3 illiistrates methods for the preparation of carboalkoxy-substituted phosphonate 
diesters in which one of the ester groups incorporates a carboalkoxy substituent. 
In one procedure, a phosphonate monoester 1.1, prepared as described above, is coupled, 
using one of the methods described above, with a hydroxyester 3.1, in which the groups R"* 
and are as described in Scheme 1. For example, equimolar amounts of the reactants are 
coupled in the presence of a carbodiimide such as dicyclohexyl carbodiimide, as described in 
Aust. J, Chem., 1963, 609, optionally in the presence of dimethylaminopyridine, as described 
in Tet., 1999, 55, 12997. The reaction is conducted in an inert solvent at ambient 
ten^^ature. 



15 



The procedure is illustrated in Scheme 3, Exanq)le 1. In this method, a nK)nophenyl 
phosphonate 3*9 is coupled, in dichloromethane solution in the presence of dicyclohexyl 
carbodiimide, with ethyl 3-hydroxy-2~methylpropionate 3.10 to yield the phosphonate mixed 
diester 3.11. 



20 



Using this procedure, but enq)loying, in place of ethyl 3-hydroxy-2-methylpropionate 3.10, 
different hydroxyesters 3.1, the corresponding products 3.2 are obtained. 
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The coDversion of a phosphonate monoester 1.1 into a mixed diester 3.2 is also accoiiq>Iished 
by means of a Mitsonobu coupling reaction with the hydroxyester 3.1, as described in Org. 
Lett» 2001» 643. In this method, the reactants 1.1 and 3.1 are combined in a polar solvent 
such as tetrahydrofiiran, in the presence of a triarylpbosphine and a dialkyl azodicarboxylate, 
5 to give the mixed diester 3*2. The substituent is varied by cleavage, using the methods 
described previously, to afford the monoacid product 33. The product is then coupled, for 
exanq>le using methods described above, with the hydroxy compound R^OH, to give the 
diester product 3.4. 

10 The procedure is illustrated in Scheme 3, Exanq>le 2. In this method, a monoaUyl 
phosphonate 3.12 is coupled in tetrahydrofiuran solution, in the presence of 
triphenylphosphine and diethylazodicarboxylate, with ethyl lactate 3.13 to give the nuxed 
diester 3*14. The product is reacted with tris(trq)henylphosphine) rhodium chloride 
(Wilkinson catalyst) in acetonitrile, as described previously, to remove the allyl group and 

15 produce the monoacid product 3.15. The latter compound is then coupled, in pyridine 
solution at ambient tenperature, in the presence of dicyclohexyl carbodiinoide, with one 
molar equivalent of 3-hydroxypyridine 3.16 to yield the mixed diester 3.17. 

Using the above procedures, but employing, in place of the ethyl lactate 3.13 or 3- 
20 hydroxypyridine, a different hydroxyester 3.1 and/or a different hydroxy conq>oimd R^OH, 
the corresponding products 3.4 are obtained. 

The mixed diest^ 3.2 are also obtained from the monoesters 1.1 via the intermediacy of the 
activated monoesters 3.5. In this procedure, the monoester 1.1 is converted into the activated 

25 conq>ound 3.5 by reaction with, for exan^le, phosphorus pentachloride, as described in J. 
Org. ChemL, 2001, 66, 329, or with thionyl chloride or oxalyl chloride (Lv = Q), or with 
triisopropylbenzenesulfonyl chloride in pyridine, as described in Nucleosides and 
Nucleotides, 2000, 19, 1885, or with caifoonyl diimidazole, as described in J. Med. Qiem., 
2002, 45, 1284. The resultant activated monoest^ is then reacted with the hydroxyester 3.1, 

30 as described above, to yield the mixed diester 3.2. 

The procedure is illustrated in Scheme 3, Example 3. In this sequence, a monophenyl 
phosphonate 3.9 is reacted, in acetonitnle solution at TO'^C, with ten equivalents of thionyl 
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chloride, so as to produce the phosphoryl chloride 3.19. The product is then reacted with 
ethyl 4-carbanK)yl-2-hydroxybutyrate 3^0 in dichloromethane containing triethylamine, to 
give the nuxed diester 3^1. 

5 Using the above procedures^ but enqploying, in place of ethyl 4-carbainoyl-2-hydroxybutyrate 
3.20, different hydroxyest^ 3.1, the corresponding products 3.2 are obtained. 

Tte mixed phosphonate diesters are also obtained by an alternative route for incorporation of 
the R O group into intermediates 3.3 in which the hydroxyester moiety is aheady 
10 incorporated. In this procedure, the naonoacid intermediate 33 is converted into the activated 
derivative 3.6 in which Lv is a leaving group such as chloro, imidazole, and the like, as 
previously described. The activated intermediate is then reacted with the hydroxy conq>ound 
R"OH, in the presence of a base, to yield the mixed diester product 3.4. 

IS The method is illustrated in Scheme 3, Example 4. In this sequence, the phosphonate 
monoacid 3JZ2 is reacted with trichloromethanesulfonyl chloride in tetrahydrofuran 
containing collidme, as described in J. Med. Chem., 1995, 38, 4648, to produce the 
trichloromethanesulfonyloxy product 3.23. This conq)Ound is reacted with 3- 
(morpholinomethyl)phenol 3.24 in dichloromethane containing triethylamine, to yield the 

20 mixed diester product 3.25. 

Using the above procedures, but en^loying, in place of with 3-(inorpholinomethyl)phenoI 
3.24, different carbinols R'^OH, the corresponding products 3.4 are obtained. 

25 The phosphonate esters 3.4 are also.obtained by means of alkylation reactions performed on 
the monoesters 1.1. The reaction between the monoacid 1.1 and the haloester 3.7 is 
performed in a polar solvent in the presence of a base such as diisopropylethylamine, as 
described in Anal. Chem., 1987, 59, 1056* or triethylamine, as described in J. Med. Qiem., 
1995, 38, 1372, or in a non-polar solvent such as benzene, in the presence of 18-crown-6, as 

30 described in Syn. Conun., 1995, 25, 3565. 
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The method is illustrated in Scheme 3, Example 5. In this procedure, the monoacid 3^6 is 
reacted with ethyl 2-bromo-3-phenylpropionate 3»27 and diisopropylethylamioe in 
dimethylformamide at 80**C to afford the mixed diester product 3-28. 

Using the above procedure, but emptoying, in place of ethyl 2-bromo-3-phenylpropionate 
3.27, different haloesters 3.7, the corresponding products 3.4 are obtained. 
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Scheme 4 illustrates methods for the preparation of pbosphonate diesters in which both the 
S ester substituents incorporate carboalkoxy groups. 

The compounds are prepared directly or indirectly from the phosphonic acids 1.6. In one 
alternative, the phosphonic acid is coupled with the hydroxyester 4.2, using the conditions 
described previously in Schemes 1-3, such as coupling reactions using dicyclohexyl 
10 caibodiimide or similar reagents, or under the conditions of the Mitsonobu reaction, to afford 
the diester product 43 in which the ester substituents are identical. 

This method is illustrated in Scheme 4, Example 1. In this procedure, the phosphonic acid 
1.6 is reacted with three molar equivalents of butyl lactate 4.5 in the presence of Aldrithiol-2 
15 and triphenyl phosphine in pyridine at ca. 70**C, to afford the diester 4.6. 

Using the above procedure, but eii5)loying, in place of butyl lactate 4.5, different 
hydroxyesters 4.2, the corresponding products 4.3 are obtained. 

Alternatively, the diesters 4.3 are obtained by alkylation of the phosphonic acid 1.6 with a 
20 haloester 4.1. The alkylation reaction is performed as described in Scheme 3 for the 
preparation of the esters 3.4. 
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This method is illustrated in Scheme 4, Exacnple 2. In this procedure, the phosphonic acid 
1-6 is reacted with excess ethyl 3-hromo-2-inethylpropionate 4.7 and diisopropylethylamine 
in dimethylformamide at ca. 80^Q as described in AnaL ChenL, 1987, 59, 1056, to produce 
5 the diester 4.8. 

Using the above procedure, but enqploying, in place of ethyl 3-bromo-2-methylpropionate 
4.7, different haloesters 4.1, the corresponding products 4.3 are obtained. 

The diesters 4.3 are also obtained by displacement reactions of activated derivatives 1.7 of 
10 the phosphonic acid with the hydroxyesters 4.2. The displacement reaction is performed in a 
polar solvent in the presence of a suitable base, as described in Scheme 3. The displacen^nt 
reaction is performed in the presence of an excess of the hydroxyester, to afford the diester 
product 4.3 in which the ester substituents are identical, or sequentially with limited amounts 
of different hydroxyesters, to prepare diesters 4.3 in which the ester substituents are different. 
15 The methods are illustrated in Scheme 4, Examples 3 and 4. As shown ia Example 3, the 
phosphoryl dichloride 2.22 is reacted with three molar equivalents of ethyl 3-hydroxy-2- 
(hydroxymethyl)propionate 4.9 in tetrahydrofuran containing potassium carbonate, to obtain 
the diester product 4.10. 

Using the above procedure, but en5)loying, in place of ethyl 3-hydroxy-2- 
20 Oiydroxymethyl)propionate 4.9, different hydroxyesters 4.2, the correspondiag products 4.3 
are obtained. 

Scheme 4, Example 4 depicts the displacement reaction between equimolar amounts of the 
phosphoryl dichloride 2.22 and ethyl 2-methyl-3-hydroxypropionate 4.11, to yield the 
monoester product 4.12. The reaction is conducted in acetonitrile at 70*C in the presence of 
25 diisopropylethylamine. The product 4.12 is then reacted, under the same conditions, with one 
molar equivalent of ethyl lactate 4.13, to give the diester product 4.14. 
Using the above procedures, but en5)loymg, in place of ethyl 2-methyl-3-hydroxypropionate 
4.11 and ethyl lactate 4.13, sequential reactions with different hydroxyesters 4.2, the 
corresponding products 43 bio obtained. 
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Scheme 4 
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Scheme 1002 
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Fbllowing the similar procedures, replacement of amino acid esters 820 with lactates 
821 (Scheme 1003) provides mono-phosphonic lactates 823. Lactates 823 are usefiil 
intermediates to form the phosphonate confounds of the invention. 

5 Scheme 1003 
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Scheme 1005 
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Ryaryi plft 1 

To a solution of 2-ammoethylphosphomc acid (1.26 10.1 imnol) in 2N NaOH (10.1 
5 mL, 20.2 mmol) was added benzyl chlorofonnate (1.7 mL, 12.1 nmool). After the reaction 
mixture was stirred for 2 d at room te]iq>erature, the mixture was partitioned between Et20 
and water. The aqueous phase was acidified with 6N HCl until pH = 2. The resulting 
colorless solid was dissolved in MeOH (75 mL) and treated with Dowex 50WX8-2(K) (7 g). 
After the mixture was stirred for 30 minutes, it was filtered and evaporated under reduced 

10 pressure to give carbamate 28 (2.37 g, 91%) as a colorless sohd (Scheme 1005). 

To a solution of carbamate 28 (2.35 g, 9*1 mmol) in pyridine (40 mL) was added 
phenol (8.53 g, 90.6 mmol) and 1,3-dicyclohexylcarbodiimide (7.47 g, 36.2 mmol). After the 
reaction mixture was warmed to 70^C and stirred for 5 h, the nnxture was diluted with 
CH3CN and filtered. The filtrate was concentrated under reduced pressure and diluted with 

15 EtOAc. The organic phase was washed with sat. NH4CI, sat. NaHC03» and brine, then dried 
over Na2S04, filtered, and evaporated under reduced pressure. The crude product was 
chromatographed on silica gel twice (ehiting 40-60% EtOAc/hexane) to give phosphonate 29 
(2.13 g, 57%) as a colorless solid. 

To a solution of phosphonate 29 (262 mg, 0.637 mmol) in iPrOH (5 mL) was added 

20 TFA (0.05 mL, 0.637 mmol) and 10% Pd/C (26 mg). After the reaction mixture was stirred 
under H2 atmosphere (baUoon) for 1 h, the mixture was filtered through Cehte. The filtrate 
was evaporated under reduced pressure to give amine 30 (249 mg, 100%) as a colorless oil 
(Scheme 1005). 
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Scheme Section A 

Exemplary n^thods of preparing the coiopounds of the invention are shown in 
Schemes 1-7 below. A detailed description of the methods is found in the Experimental 
section below. 

Scheme 1 
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Scheme 2 
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Scheme 3 
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Scheme 4 
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Scheme Section B 

Attemative exemplary methods of preparing the conqpounds of the invention are 
shown in Schemes 101-113 below. 

Scheme 101 
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Treatment of commercially available epoxide I with sodum azide (Bioorg. & Med. Chem. 
Lett, 5, 459, 1995) furnishes the azide intermediate 2. The free hydroxyl is converted to 
benzyl ether 3 by treating it with benzyl bromide in the presence of base such as potassium 
5 carbonate. Compound 4 is achieved by the reduction of the azide group with trq>henyl 
phosphine, as described in the pubhcation Bioorg. &Med. Chera Lett, 7, 1847, 1997. . 
Conversion of the amino group to its sulfonamide dmvative S is achieved by treating the 
amine with stoichiometric amounts of sulfonyl chloride. Regioselective alkylation is 
performed (as shown in the article J. Med. CheuL, 40, 2525, 1997) on the sulfonamide 
10 nitrogen using the iodide 6 (J. Med. Chem., 35, 2958, 1992) to get the compound 7. Upon 

TFA catalyzed deprotection of BOC group followed by the reaction with bisfuranyl carbonate 
8 (for a similar coupling see, J. Med. CheuL, 39, 3278, 1996) furnishes the conq>ound 9. 
Final deprotection of the protecting groxips by catalytic hydrogenolysis result the compound 
10. 
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The sulfonamide 1 1 is readily alkylated with the iodide 6 (J. Med. Chem., 35, 2958, 1992) to 
get the intermediate 12. Regioselective epoxide opening (JP -9124630) of the epoxide 1 with 
12 furnishes the intermediate 13. Deprotection of the BOC group followed by the treatnoent 
of bisfiiranyl carbonate 8 yields the intermediate 14 which is subjected to hydrogenation to 
furnish the conq)Ound 10. 
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Scheme 103 
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The qpoxide 1 is converted to the axninohydroxyl derivative 15 using the known procedure (J 
Med. Chera, 37, 1758, 1994). Sulfonylation of 15 using benzene sulfonylchloride affords 
the coiiqx)und 16. Installation of the side chain to get the intermediate 13 is achieved by 
alkylation of sulfonamide nitrogen with iodide 6. The intermediate 13 is converted to the 
con^^ound 10 using the same sequence as shown in scheme 102. 
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Scheme 104 




21 



Sulfonamide 5 is alkylated under basic conditions using the allyl hronoide 17 (Chem. Pbann. 
Bun., 30, 111, 1982) to get the intermediate 18. Similar transformation is reported in 
literature (J. Med. Chem., 40, 2525, 1997). Hydrolysis of BOC group with TFA and 
acylation of the resulting amine 19 with bisfuranyl carbonate 8 yields the conq>oiind 20. 
Hydrogenation using Pd/C catalysis under H2 atmosphere affords the phosphonic acid 21. 
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Scheme 105 
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Scheme 105 (cont) 
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Sulfonamide 5 is converted to 22 via hydrolysis of BOC group with TFA and acylation with 
bisfuranyl carbonate 8. The sulfonamide 22 is alkylated with the bromide 23 (L Med. Clhem., 
40, 2525, 1997) to get the compound 24, which upon hydrogenolysis gives the catechol 25. . 
Alkylation of the phenolic groups using dibenzylhydroxymethyl phosphonate (J. Org, Chem., 
53, 3457, 1988) affords regioisomeric conopounds 26 and 27. These compounds 26 and 27 
are hydrogenated to get the phophonic acids 28 and 29, respectively. Individual cyclic 
phosphonic acids 30 and 31 are obtained und^ basic Qike NaH) conditions (US 5886179) 
followed by hydrogenolysis of the dibenzyl ester derivatives 26 and 27. 
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Scdieme 106 



In this route, conq)ound 25 is obtained by conducting a reaction between the epoxide 32 and 
5 the sulfonamide 33 using the conditions described in the Japanese Patent No. 9124630. 
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10 Bpoxide 32 and sulfonamide 33 are synthesized utilizing similar methodology delineated in 
the same patent. 
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Scheme 107 




25 



Compound 34 is obtained from 32 using similar sequence depicted in J. Med. Chem., 37, 
1758, 1994. Reductive amination (for similar transformation see WO 00/47551) of 
conqK)und 34 with aldehyde 35 furnishes the intermediate 36 which is convCTted to the 
con^>ound 25 by sulfonylation followed by hydrogenadon. 
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Scheme 108 
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Treatment of epoxide 32 with sulfonainides 37 and/or 38 under conditions described in 
Japanese Patent No. 9124630 furnishes 26 and 27. 
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Scheme 109 



Reductive amination of aminohydroxyl intermediate 34 with the aldehydes 39 and 40 as 
described in patent WO 00/47551, iumish 41 and 42 which undergoes smooth sulfonylation 
to give 26 and 27. 
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Scheme 110 



In an altemate approach, where epoxide 32 is opened with benzyl amines 43 and 44 undCT 
conditions described above furnishes 41 and 42, respectively. Similar transfonoaations were 
documented in the Japanese Patent No. 9124630. 
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Sdieme 111 




49 



Reductive amination of the bromoaldehyde 45 (J. Qrganomet. Chem., FR; 122, 123, 1976) 
with the amine 34 gives 46 which then undergoes sulfonylation to fiimish 47. The 
bromodeiivative 47 is converted to the phosphonate 48 under Michaelis-Arbuzov reaction 
conditions (Bioorg. Med. Chem. Lett, 9, 3069, 1999). Final hydrogenation of 48 delivers the 
phdsphonic acid 49. 
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Scheme 112 
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The intenuediate 48 is also obtained as shown in scheme 112. Reductive amination of the 
aldehyde 52 with the amine 34 offers the phosphonate 52 and sulfonylation of this 
intermediate furnishes 48. 
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Aftematively, con5>ound 52 is obtaioed from the epoxide 32 by a ring opening reaction with 
the aminophosphonate 53 (Scheme 113). 
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Scheme Section C 



Scheme 9 is described in the Examples. 
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Scheme Section D 

The foflowing schemes are described ixi the Examples* 
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Scjheme Section E 

Schemes 1-3 are d^cribed in the examples. 

Scheme 1 
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Scheme 3 
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Scheme Section F 

Schemes 1*5 are described in the examples. 

Scheme 1 
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Scheme 2 
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Scheme 4 
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Scheme 5 
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Scheme Section G 

Schemes 1 to 9 are described in the examples. 



Scheme 1 

O 




I. P(OEt)3/120 C; II. H2/10%Pd-C; III. See Scheme Section H, Scheme 13, 
Compound 48 /NaBHaCN/HOAc/MeOH; IV. a. TFA; b. n-Bu4NF;V. 
tMsfurancarbonate/DMAP; VI. HCHO/NaBHaCN/HOAc/MeOH 
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Scheme 2 




I. a.TMSBr; b. SOCI2/6O C; c. BnOH/EtgN; 11. Zn/HOAc; HI. See Scheme Section H, Scheme 13, 
Compound 48 /NaBHaCN/HOAc/MeOH; IV. a. TFA; b. n-Bu4NF; V. bIsfurancarbonate/DMAP; VI. 
Ha/10%Pd-C; Vni.RNHa/PPha/aldritfiiol 
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I. a. NaH; b. MTMCI; IL a. SOCIg; b. P(OEt)3/120 C; IIL TFA; IV. See Scheme Section H, 
Scheme 13, Compound 48 yNaBHaCN/HOAc/MeOH; V. a. TFA; b. n-Bu4NF; VI. 
bisfurancarbonate/DMAP 
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L NaBH^/THF/HgO ; li. KOH/EtOH; III. a. isobutylamineAiropropanol/80 C; b. 
4H7)ethoxybenzenesuffonyl chioride/EtgN; IV-BBrg/CHaCIa; V. Boc20/NaHC03; VL 
TfOCHgPOCOEOa/CsaCOs 
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1. TFA/CH2CI2; b. bIsfurancarbonate/DMAP ; II. H2/10% Pd-CyEtOH; 
III. HCHO/NaBHsCrsl/HOAc^eOH 
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Scheme 6 




l.a. TMSCl/EtgN; b. bisf urancarbonate/DMAP; c. n-Bu4NF/HOAc; II. 
TfOCH2PO(OBn)2/CS2C03; III. Zn/HOAc 
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I. H2/10% Pd-C; H. RNHa/PPhg/Aldrithiol/ciiisopropyjethylamine/pyridine 
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Schemes 




36 




\ i O =5 




I. RNHa/PPha/Aldrithiol/diisopropylethylamine/pyridine 



37 R= s^LJ^cT^^ 



38 R = 



39 R 
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Scheme 9 




L RNHa/PPha/Aldrithiol/diisopropylethylamine/ 9 . 

pyridine 41 R = 



42 R = 
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Scheme Section H 

Schemes 1-14 are described in the examples. 

Scheme 1 

QH 

^^^^^ (1)^uNH..PK.H.80<'C ^" "'""Y^^^rVy-'^^^ 




OBn 

1 



BocNH^ / \_MU- .OBn 




EtOH/CHaCIa ' ^ r^ 



>DBn 



CH3CN, r.t 




O O 

. , ^ , ^OBn 

3 <S' 4 6' ^ 



(5) V-^ o "v. ^,^0 o 



NH2 

Pd / C, Hg 

DMAP.CHsCN ^ T| "1 MeOH 



« OBn 
6 o 
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Scheme 2 



OH 
H = 




NH 



2 (1) BSA. CN3CN, 70°C 
(2) CBza, Py, 0°C to r.t. 



H 



\^ O 




NHCbz 



DCC, PhOH 
Py, 70°C 




NHCbz 



NaOH, CH3CN 
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Scheme 3 



OH 
H ^ 




NHCbz Ha-HaN COg/Pr 

DCC, Py,70°C 




11 °' J-nA 



O H COa/Pr 




O P^ Jl 
12a-c O H COa/Pr 



12a, GS 108577 (isomer A / B = 1 : 1) 
12b, GS 108578 (isomer A) 
12c, GS 108579 Osomer B) 



Pd / C, Hg 
EtOAc 
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Scheme 4 



NO2 

X (1) /-BuNHg, APrOH, 80°C BocNH 

OBn 

13 





(DHCl/HOAc BocNH X rl. /^OBn 




^^.OBn 



(2) B0C2O / TEA s ^ CH3CN, r.t 



gH 

BocNH^ -^-Q--\\ /J 



TFA, CH2CI2 



O O 

pBn 
15 cf OBn 
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Scheme 5 



OH 




^^^^O-^R^^ i. / 1 ^OBn 

16 cf^OBn 



OH 



Zn,HOAc 



o- 




18 0'^°^ 




10%Pd/C, H2 

MeOH/HOAc ^ / 0 JL ^ JOH 

19 " 
GS 17424 
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Scheme 6 

OH 



o o 



20 



BocNH 




21 



OH 

BocHN^ ^ ^N^ 



(1) TMSCl, TEA. CH2CI2 

(2) BocgO, TEA, CH2CI2 

(3) 1 .0 M TBAF / HOAc, THF 




NO2 



22 



OBn 



CS2C037y^oB„ 
THF, r.t. 



TFA, CH2CI2 




NO2 



23 



DMAP, CH3CN 
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Scheme 7 




Pd/C, Hz 
EtOH 



NO- 



24 




O 

^V-P-OH (1)BSA,CN3CN.70°C 

OH '~i~irz~r~Tzr. 



(2) CBzCI, Py, 0**C to r.L 



25 





NHCbz 



26 



DCC, PhOH 
Py. 70°C 



H r 
.VJP. ^N. ^ 




O O oPh 



NHCbz 



27 



NaOH. CH3CN 
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Scheme 8 



O "V^^-^*-* OH DCC, Py, 7QPC 

NHCbz 



28 



^"^^^'^ NHCbz 
29 



H 



4^ II 

^"^'^^NHa 
30a-b 



30a R = H,GS 77369 
30b R = Et,GS 77425 
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Scheme 10 



H °" 



W o =t ^ o o 



33 




34 




OTf 



OH 

H ¥ 



35 




CHO 



THF / CH2CI2 



Q^^^^^^y''^^^^S'\_}~^^^ Pd(OAc)2. CO, dppp 

V- ( O "V^^^^' ^ EtaSiH. TEA. DMF 



Q^^^^^-^^^y^YJ-OMe NaBH4 ^ 

V- i O ^ 00 THF/H20(9/1) 
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Scheme 11 




GS 191338 
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V^OH 



DMF ^ 



BocNH 




OH 



Qj. (1) /-BuOCOCI / NMM 
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N, 



Hd in dioxane 



BocNH 




CI 



"~"OBn 
40 



OBn 



41 



NaBH4 



OH 



(9:1)THF/H20 



BocNH 




01 



KOH. Eton 



OBn 



42 



BocNH^^^<J BocNH,^^^^ 



OBn OBn 
43 44 
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Schmie 13 



BocNH 




(1) isobutyiamine 



OBn 



(2) MeO-^_^S02a /TEA 



OH 

BocNH^ M. 



43 



TBSOTT/TEA 

CH2CI2 



O O 



OBn 



45 



BocNH. 



OTBS p , ■ 



OBn 



O O 



46 



Pd/C, H2 



OTBS 
BocNH^ >^ 




OMe 



OH 



47 



Dess-Martin 



OTBS 

BocNH^ 



I A' ^ / 

CHO 00 



•OMe 



48 
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Scheme 14 

^ NCbz 



(2) a02S-^^0Me 
TEA, CH2CI2 




OH 




NCbz 



TFA/CH2CI2 ^ HzNv.^.'^v^N^g^ ^ — OMe 



51 

NCbz 




DMAP, CH3CN O ° ° 





OBn 
52 
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Scheme Section I 
Schemes 1 to 3 are described in the examples. 

Scheme 1 




OMe 



IPrgNEt, CH3CN 



H 8" 




OMe Pd / C, Hg 

EtOH / EtOAc 



H 

\^ o o 

' ^ /\ ^OEt 

'I OEt 
5 O 
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Scheme 3 




6ffh 
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o 
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OH 
10 
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p-OEt 

« "^OEt 
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Scheme Section T 

Schemes 1-4 are described in the examples. 
Schraiel 




0CH3 



OH 




CH3 



OCH3 



CHO 




3a-e 
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Scheme 2 
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^ PCH3 

OH -=/ 
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Scheme 3 
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Scheme 4 



BCX^HN 
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Scheme Section K 

Sctemes 1-9 are described in the exaiq>les. 



Scheme 1 



U^OPh 



V I IT ' OH o I 
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2 hre., TCC 
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1 ^ £.OPhO I 

\ — O o o 



Scheme 2 
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Ijl OH 



I ^ {I^OPhO I 



1240- 



wo 03/090690 



PCTAJS03/12901 



Sch^e 3 



V-H o ^ 
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HCI-HaNv^iL 
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%0H 

»i« QH r ^fT^ OH 



D^^N^^^^s^N>^ JL^ Phenol, DCC 



O TCC, pyridine 



2.0Ph 
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Scheme 6 
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Scheme 7 




Sdbeme 8 
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Scheme 9 
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Schemes 1-9 are described in the exaniples. 

Schonel 

Synthesis of Pl-Phosphonic ester 




OCH. 
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Scfa^eS 



Synthesis of P2'-Amino-P1-Phosphonic ester 
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Scheme 4 



Synthesis of Bisamidates 




1 6 a,b,j and k 



Compound 


Ri 


R2 
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Gly-Et 


Gly-Et 


16b 


Gly-Bu 


Gly-Bu 




Phe-Bu 


Phe-Bu 


16k 


NHEt 


NHEt 
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Schemes 



Synthesis of Monoamidates 
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Scheme 6 
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Scheme 7 



Synthesis of Lactates 



H OH 
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SchraneS 
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Examples 

The fonowing Exainples refer to the Schemes. 

5 Some Examples have been poformed miultiple times. In repeated Exanq>les, reaction 
conditions such as time, temperature, concentration and the like, and yields were within 
normal experimental ranges. In repeated Examples where significant nx>difications were 
made, these have been noted where the results varied significantly from those described. In 
Examples where different startmg mat^als were used, these are noted. When the repeated 
10 Examples refer to a "corresponding" analog of a conqx)und, such as a "corresponding ethyl 
ester", this intends that an otherwise present group, in this case typically a methyl ester, is 
taken to be the same group modified as indicated. 

Example Section A 

■ * 

15 Example 1 

Diazo ketone 1: To a solution of N-tert-Butoxycarbonyl-O-benzyl-L-tyrosine (11 g, 30 
mmol, Fhika) in dry THF (55 mL) at -IS-SO'^C (external bath ten5)erature) was added 
isobutylchloroformate (3.9 mL, 30 mmol) followed by the slow addition of 
N.methylmorpholine (3.3 mL, 30 mmol). The mixture was stirred for 25 noon, filtered while 

20 cold, and the filter cake was rinsed with cold (0°C) THF (50 mL). The filtrate was cooled to 
- 25°C and diazomethane (--50 mmol, generated from 15 g Diazald according to Aldrichimica 
Acta 1983, 16, 3) in ether (-150 mL) was poured into the mixed anhydride solution. The * 
reaction was stirred for 15 min and was then placed in an icebath at 0*^C, allowing the bath to 
warm to room teniperature while stirring overnight for 15 h. The solvent was evaporated 

25 under reduced pressure and the residue was dissolved in EtOAc, washed with water, saturated 

NaHCOs, saturated NaQ, dried (MgS04), filtered and evaporated to a pale yellow solid. The 

crude solid was slurried in hexane, filtered, and dried to afford the diazo ketone (10.9 g, 92%) 
which was used directly in the next step. 

30 Example 2 

ML 

Chloroketone 2: To a suspemion of diazoketone 1 (10.8 g, 27 nomol) in ether (600 mL) at 
O'^C was added 4M HCl in dioxane (7.5 mL, 30 mmol). The sohition was removed from the 
cooling bath, and allowed to warm to room temperature at which time the reaction was stirred 
1 h. The reaction solvent was evaporated under reduced pressure to give a solid residue that 
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was dissolved in ether and passed tturough a short cohinm of silica geL The solvent was 
evaporated to afford the chloroketone (10.7 g, 97%) as a soKd. 

Example 3 

5 Chloroalcohol 3: To a sohition of chloroketone 2 (10.6 g, 26 mmol) in THF (90 mL) was 
added water (10 mL) and the solution was cooled to 3-4'*C (internal temperature). A solution 
of NaBH4 (1.5 g» 39 mmol) in water (5 mL) was added dropwise over a period of 10 mm. 
The mixture was stirred for Ih at O^C and saturated KHSO4 was slowly added until the pH<4 
followed hy saturated NaCL The organic phase was washed with saturated NaO, dried 
10 (MgS04) filtered and evaporated under reduced pressure. Hie crude product consisted of a 

70:30 mixture of diastereomers by HPLC analysis (mobile phase, 77:25-CH3CN:H20; flow 

rate: 1 mL/min; detection: 254 nm; san[q)le volume: 20 pL; column: 5p. CIS, 4.6X250 mm, 
Varian; retention times: major diastereomer 3, 5.4 min, minor diastereomer 4, 6.1 min). The 
residue was recrystallized from EtOAc/hexane twice to afford the chloro alcohol 3 (4.86g, 
15 >99% diastereomeric purity by HPLC analysis) as a white sohd. 

Example 4 

Epoxide 5: A solution of chloroabohol 3 (4.32 g, 10.6 mmol) in EtOH (250 mL) and THF 
(100 mL) was treated with K2CO3 (4.4g, 325 mesh, 31.9 mmol) and the mixture was stirred 

20 for at room tenq>erature for 201l The reaction mixture was filtered and was evaporated undo: 
reduced pressure. The residue was partitioned between EtOAc and water and the organic 
phase was washed with saturated NaCl, dried (MgS04), filtered, and evaporated under 

reduced pressure. The crude product- was cfaromatographed on silica gel to afford the epoxide 
(3.68 g, 94%) as a white solid, 

25 

Example 5 

Sulfonamide 6: To a suspension of epoxide 5 (2.08 g, 5.6 mmol) in 2-propanol (20 mL) was 
ad^ isobutylamine (10.7 mL, 108 mmol) and the solution was reftuxed for 30 min. The 
solution was evaporated under reduced pressure and the crude solid was dissolved in CH2Q2 
30 (20 mL) and cooled to 0°C. NJM -diisopropylethylamine (1.96 mL, 11.3 mmol) was added 
followed by the addition of 4-methoxybenzenesulfonyl chloride (1.45 g, 7 mmol) in CH2CI2 
(5 mL) and the solution was stirred for 40 min at O^C, warmed to room tenq>mture and 
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evaporated under reduced pressure. The residue was partitioned between EtOAc and 
saturated NaHCOa. The organic phase was washed with saturated NaO, dried (MgS04), 
filtered and evaporated under reduced pressure. The crude product was recrystallized from 
EtOAc/hexane to give the sulfonamide (2.79 g, 81%) as a small white needles: mp 122- 
5 124''C (uncoirected). 

Example 6 

Carbamate 7: A sohition of sulfonamide 6 (500 mg, 0.82 mmol) in 01202 (5 mL) at 0°C 
was treated with trifluoroacetic acid (5 mL). The solution was stirred at O^C for 30 min and 

10 was removed from the cold bath stirring for an additional 30 min. Volatiles were evaporated 
under reduced pressure and the residue was partitioned between CH2CI2 and saturated 
NaHCOs. The aqueous phase was extracted twice with CH2CI2 and the combined organic 
extracts were washed with saturated NaCl, dried (MgS04), filtered, and evaporated under 
reduced pressure. The residue was dissolved in CH3CN (5 niL) and was treated with (3R, 

15 3aR, 6aS)-hexahydrofuro[2, 3-fc]fin:an-2-yl 4-nitrophenyl carbonate (263 mg, 0.89 mmol, 
prepared according to Ghosh et aL, J. Med. Chem. 1996, 39, 3278.) and N,N- 
dimethylaminopyridine (197 mg, 1.62 mmol). After stirring for 1.5h at room temperature, 
the reaction solvent was evaporated under reduced pressure and the residue was partitioned 
between EtOAc and 5% citric acid. The organic phase was washed twice with 1% E^COa, 

20 and then was washed with saturated NaCl, dried (MgS04), filtered, and evaporated under 
reduced pressure. The crude product was purified by chromatography on siUca gel (1/1 - 
EtOAc/hexane) afibrding the carbamate (454 mg, 83%) as a solid: mp 128-129^C (MeOH, 
uncorrected). 

25 Example 7 

Phenol 8: A solution of carbamate 7 (1.15 g, 1.7 mmol) in EtOH (50 mL) and EtOAc (20 
mL) was treated with 10% Pd/C (1 15 mg) and was stirred under H2 atmosphere (balloon) for 
18b. The reaction solution was purged with N2, filtered through a 0.45 filter and was 
evirated und^ reduced pressure to afford the phenol as a soUd that contained residual 
30 solvent: mp 13 1-134**C (EtOAc/hexane, uncorrected). 

Example 8 



1256- 



wo 03/090690 



PCTAJS03/12901 



Dibenzylphosphonate 10: To a solution of dibenzylhydroxymethyl phosphonate (527 mg, 
1.8 minol) in CH2CI2 (5 mL) was treated with 2,6-lutidine (300 flL, 2.6 mmol) and the 
reaction flask was cooled to -50X (external ten5)CTature). Trifhioromethanesulfonic 
anhydride (360 (iL, 21 nmioQ was added and the reaction mixture was stirred for 15 min and 
5 then the cooling bath was albwed to wann to O^C over 45 min. The reaction mixture was 
partitioned between ether and ice-cold water. The organic phase was washed with cold IM 
H3PO4, saturated NaCl, dried (MgS04), filtered and evaporated under reduced pressure to 
afford triflate 9 (697 mg, 91%) as an oil which was used directly without any further 
purification. To a solution of phenol 8 (775 mg, 13 mmol) in THF (5 mL) was added 

10 CS2CO3 (423 mg, 1.3 mmol) and triflate 9 (710 mg, 1.7 mmol) in THF (2 mL). After stirring 
the reaction mixture for 30 min at room temperature additional CS2CO3 (423 mg, 1.3 mmol) 
and triflate (178 mg, 0.33 mmol) were added and the mixture was stirred for 3.5h. The 
reaction mixture was evaporated under reduced pressure and the residue was partitioned 
between EtOAc and saturated Nad ITie organic phase was dried (MgS04), filtered and 

15 evapprated under reduced pressure. The crude product was chromatographed on silica gel 
eluting (5% 2-propanol/CH2Cl2) to give the dibenzylphosphonate as an oil that solidified 
upon standing. The solid was dissolved in EtOAc, ether was added, and the solid was 
precipitated at room temperature overnight. After cooling to O^C, the soKd was filtered and 
washed with cold ether to afford the dibenzylphosphonate (836 mg, 76%) as a white solid: 

20 . NMR (CDCI3) 5 7.66 (d, 2H), 7.31 (s, lOH), 7.08 (d, 2H), 6.94 (d, 2H), 6.76 (d, 2H), 5.59 
(d, IH), 5.15-4.89 (m, 6H), 4.15 (d, 2H), 3.94-3.62 (m, lOH), 3.13-2.69 (m, 7H), 1.78 (m, 
IH), 1.70-1.44 (m, 2H). 0.89-0.82 (2d, 6H); ^^P NMR (CDQa) 5 18.7; MS (ESI) 853 (M+H). 

Fxai Bple 9 

25 Phosphonic acid 11: A solution of dibenzylphosphonate 10 (0.81 g) was dissolved in EtOH/ 
EtOAc (30mL/10 mL), treated with 10% Pd/C (80 mg) and was stirred under H2 atnK)Sphere 
(balloon) for 1.5h. The reaction was purged with N2, and the catalyst was removed by 
filtration through celite. The filtrate was evaporated imder reduced pressure and the residue 
was dissolved in MeOH and filtered with a 0.45 pM filter. After evaporation of the filtrate, 

30 the residue was triturated with ether and the solid was collected by filtration to afibrd the 
phosphonic acid (634 mg, 99%) as a white sohd: NMR (CDCI3) 5 7.77 (d, 2H), 7.19 (d, 
2H), 7.09 (d, 2H), 6.92 (d, 2H), 5.60 (d, IH), 4.95 (m, IH), 4.17 (d, 2H), 3.94 (m, IH), 3.89 
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(s, 3H), 3.85-3.68 (m, 5H), 3.42 (dd. IH), 3.16-3.06 (m, 2H), Z96-2.84 (m, 3H), 2.50 (m, 
IH), 2.02 (m. IH), 1.58 (m, IH), 1.40 (dd, IH), 0.94 (d, 3H), 0.89 (d, 3H); ^'P NMR (CDCI3) 
6 16.2; MS (ESI) 671 (M-H). 

5 Example 10 

Diethylphosphonate 13: Triflate 12 was prepared from diethyl hydroxymethylphosphonate 
(2g, 11.9 mmol), 2,6-lutidine (2.1 mL, 17.9 mmol), and trifluoromethanesnlfomc anhydride 
(2.5 mL, 14.9 mmol) as described for conopound 9. To a solution of phenol 8 (60 mg, 0.10 
mmol) in THF (2 mL) was added CS2CO3 (65nig, 0.20 mmol) and triflate 12 (45 mg, 0.15 

10 mmol) in THF (0.25 mL). The mixture was stirred at room ten5)erature for 2h and additional 
triflate (0.15 mmol) in THF (0.25 mL) was added. After 2h the reaction mixture was 
partitioned between EtOAc and saturated Nad The organic phase was dried (MgS04)» 
filtered, and evaporated under reduced pressure. The cmAt product was chromatographed on 
silica gel (EtOAc) to give a residue that was puriiBed by chromatography on silica gel (5% 2- * 

15 propanol /CHaCfc) to afford the diethylphosphonate as a foam: NMR (CDCI3) 8 7.66 (d, 
2H), 7.10 (d, 2H), 6.94 (d, 2H), 6.82 (d, 2H), 5.60 (d, IH), 4.97 (d, 2H), 4.23-4.13 (m, 6H), 
3.93-3.62 (m, lOH), 3.12-2.68 (m, 7H), 1.84-1.44 (m, 3H), 1.31 (t, 6H), 0.88-0.82 (2d, 6H); 
^^P NMR (CDQa) 6 17.7; MS (ESI) 729 (M+H). 

20 Example 1 1 

Diphenylphosphonate 14: To a solution of 11 (lOOmg, 0.15 mmol) and phenol (141 ing, 1.5 
mmol) in pyridine (1.5 mL) was added N, N-diisopropylcaibodiimide (50 jiL, 0.38 mmol). The 
solution was stirred for 31h at room ten5)erature and for 20h at SO^^C. The solvent was evaporated 
under reduced pressure and the residue was purified by chromatography on silica gel eluting 
25 (EtOAc) to provide d5)henylphosphonate 14 (16 mg) as a foam: ^^P NMR (CDQa) S 10.9; MS 
(ESI) 847 (M+Na). 

Bis-Poc-phosphonate 15: To a solution of 11 (50 mg, 0.74 mmol) and isopropylchloromethyl 
30 carbonate (29 mg, 0. 19 mmoQ in DMF (0.5 mL) was added triethylamine (26 pL, 0. 19 
mmoO and the solution was heated at 70'*C (bath temperature) for 4.5h. The reaction was 
concentrated under reduced pressure and the residue was purified by preparative layer 

-1258- 



wo 03/090690 PCT/US03/12901 

chromatography (2% 2-propano]/ CH2CI2) to afford 15 (7 mg): 'H NMR (CDCh) 5 7.71 (d, 
2H), 7.15 (d, 2H); 7.01 (d, 2H), 6.93 (d, 2H), 5.80-5.71 (m, 4H), 5.67 (d, IH), 5.07-4.87 (m, 
4H), 4.35 (d, 2H), 4.04-3.68 (m, lOH), 3.13 (dd, IH), 3.04-2.90 (m. 5H), 2.79 (dd, IH), 1.88- 
1.50 (m, 3H+H2O peak), 1.30 (m, 12H), 0:93 (d. 3H), 0.88 (d, 3H); ^'P hJMR (CDCI3) 8 19.6. 

5 

Example 13 

Synthesis of Bisamidates 16a-j. Rqnresentative Procedure, Bisamidate 16£ A solution of 
phosphonic acid 11 (100 mg, 0.15 mmol) and (S)-2-aminobutyric acid butyl ester 
hydrochloride (116 mg, 0.59 umiol) was dissolved in pyridine (5 mL) and the solvent was 

10 distilled under reduced pressure at 40-60°C. The residue was treated with a solution of PhsP 
(117 mg, 0.45 mmol) and 2,2'-dipyridyl disulfide (98 mg, 0.45 naaol) in pyridine (1 mL) 
stinring for 20h at room teinperature. The solvent was evaporated undo* reduced pressure and 
the residue was cfaromatographed on silica gel (1% to 5% 2-propanol/CH2Cl2). The purified 
product was suspended in ether and was evaporated under reduced pressure to afford 

15 bisamidate 16f (106 mg, 75%) as a white soH± 'H NMR (CDQs) 8 7.72 (d, 2H), 7.15 (d, 
2H), 7.01 (d, 2H), 6.87 (d, 2H), 5.67 (d, IH), 5.05 (m, IH), 4.96 (d, IH), 4.19-3.71 (m 
overlapping s, 18H,). 3.42 (t, IH), 3.30 (t, IH), 3.20 (dd, IH), 3.20-2.97 (m, 4H), 2.80 (dd, 
2H), 1.87-1.54 (m, 19H), 1.42-1.35 (4H), 0.97-0.88 (m, 18H); ''P NMR (CX>Cl3) 8 20.3; MS 
(ESI) 955 (M+H). 

20 
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Exapople 14 

Diazo ketone 17: To a solution of N-tert-Butoxycarbonyl-p-bromo-L-phenylalanine (9.9 g, 
25 28.8 mmol, Synthetech) in dry THF (55 mL) at -25-30''C (external bath tenoperature) was 
added isobutylchloroformate (3.74 mL, 28.8 mmol) followed by the slow addition of N- 
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methylmorpholine (3.16 mL, 28.8 mmo]^. The mixture was stirred for 25 mm, filtered while 
cold, and the filter cake was rinsed with cold (0°Q THF (50 mL). The filtrate was cooled to 
- 2S^C and diazomethane (-50 nomol, generated from 15 g diazald according to Aldrichimica 
Acta 1983, 16, 3) in ether (--150 mL) was poured into the mixed anhydride solutioa The 
5 reaction was stirred for 15 min and was then placed in an icebath at O^C, allowing the bath to 

* 

warm to room ten5)erature while stirring overnight for 15 h. The solvent was evaporated 
under reduced pressure and the residue was suspended in ether, washed with water, saturated 
NaHCOs, saturated NaCl, dried (MgS04), filtered and evaporated to a pale yeUow solid. The 
crude solid was slurried in hexane, filtered, and dried to afford diazo ketone 17 (9.73 g, 90%) 
10 which was used directly in the next step. 

Example 15 

CMoroketone 18: To a sotation of diazoketone 17 (9.73 g, 26 mmol) in ether (500 mL) at 
OX was added 4M HCl in dk>xane (6.6 mL, 26 mmol). The solution was stirred for 1 h at 
15 0**C and 4M HQ in dioxane (1 dqL) was added. After Ih, the reaction solvent was 

evaporated under reduced pressure to ajBFord the chloroketone 18 (9.79 g, 98%) as a white 
solid 

Example 16 

20 Chloroalcohol 19: A solution of chloroketone 18 (9.79g, 26 mmol) in THF (180 mL) and 
water (16 mL) was cooled to 0°C (internal tenaperature). Solid NaBH4 (2.5 g, 66 mmol) was 
added in several portions over a period of 15 min while noaintaining the internal temperature 
below 5''C. The mixture was stirred for 45 min and saturated KHSO4 was slowly added until 
thepH<3. The mixture was partitioned between EtOAc and water. The aqueous phase was 

25 extracted with EtOAc and the combined organic extracts w^ washed with brine, dried 
(MgS04) filtered and evq>orated under reduced pressure. The residue was dissolved in 
EtOAc, and was passed through a short column of silica gel, and the solvent was evaporated. 
The solid residue was recrystallized from EtOAc/hexane to afford the chloroalcohol 19 
(3.84g) as a white solid. 

30 

Example 17 

Epoxide 21: A partial suspension of chloroalcohol 19 (L16g, 3.1 mmol) in EtOH (50 mL) 
was treated with K2CO3 (2g, 14.5 mmol) and the mixture was stirred for 4 h at room 
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temDeratare. The reaction mixture was diluted with EtOAc, filtered, and the solvents were 
evirated under reduced pressure. The residue was partitioned between EtOAc and 
saturated NaCl, and the organic phase was dried (MgS04), filtered, and evaporated under 

■ 

reduced pressure to afford epoxide 21 (1.05g, 92%) as a white crystalline solid. 

5 

Example 18 

Sulfonanude 22: To a solution of epoxide 21 (l.OSg, 3.1 nimol) in 2-propanol (40 roL) was 
added isobutylamine (6 niL, 61 mnx)l) and the solution was refluxed for 30 min. The 
solution was evirated under reduced pressure and the crude solid was dissolved in CH2CI2 

10 (20 mL) and cooled to 0°C. Triethylamine (642 pL, 4.6 nnnol) was added followed by the 
addition of (634 mg, 3.4 mmol) in CH2a2 (5 mL) and the sotation was stirred for 2h at O'^C 
at which time the reaction solution was treated with additional triethylamine (1.5 nmiol) and 
4-methoxybenzenesulfonyl chloride (0.31 mmol). After 1.5 h, the reaction solution was 
evaporated under reduced pressure. The residue was partitioned between EtOAc and cold 

15 IM H3PO4. The organic phase was washed with saturated NaHCQs, saturated NaCl, dried 
(MgS04), filtered and the solvent was evaporated under reduced pressure. The crude product 
was purified on silica gel (15/1 - CH2a2/EtOAc) to afford 1.67g of a soUd which was 
recrystallized fi^om EtOAc/hexane to give sulfonamide 22 (1.54g, 86%) as a white crystalline 
solid. 

20 

Example 19 

Silyl ether 23: To a solution of the sulfonamide 22 (1.53g, 2.6 mmol) in CH2a2 (12 mL) at 
O'^C was added N,N-diisopropylethylamine (0.68 mL, 3.9 mmol) followed by tert- 
butyldimethylsilyl trifluoromethanesulfonate (0.75 mL, 3.3 mmol). The reaction solution 

25 was stirred for 1 h at O'^C and was warmed to room tempearature, stirring for 17 h. Additional 
N Jsf-diisopropylethylamine (3.9 mmol) and tert-butyldimethylsilyl trifluoromethanesulfonate 
(L6 mmol) was added, stirred for 2.5h, then heated to reflux for 3h and stirred at room 
temoerature for 12 h. The reaction mixture was partitioned between EtOAc and cold IM 
H3PO4. The organic phase was washed with saturated NaHCOa, saturated NaCI, and was 

30 dried (MgS04), filtered and evaporated undra- reduced pressure. The crude product was 
purified on silica gel (2/1 - hexane/^er) to afford silyl ether 23 (780 n^, 43%) as an oiL 



Exam ple 20 
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Phosphonate 24: A solution of 23 (260 mg, 037 mmol). triethylamine (0.52 mL, 3.7 mmol), 
and diethylphosphite (0.24 ramol, 1.85 mmol) in toluene (2 mL) was purged with argon and 
to the sobtion was added (Ph3P)4Pd (43 mg, 10 sno\%). The reaction mixture was heated at 
1 lO^^C (bath teii5)erature) for 6 h, and was then allowed to stir at room temperature for 12h. 
5 The solvent was ev^orated undo: reduced pressure and the residue was partitioned between 
ether and water. The aqueous phase was extracted with ether and the combined organic 
extracts were washed with saturated Nad, dried (MgS04), filtered, and the solvent was 
evaporated under reduced pressure. The residue was purified by chromatography on silica 
gel (2/1 - ethyl acetate/hexane) to afford diethylphosphonate 24 (153 mg, 55%). 

10 

Example 21 

Phosphonic acid 26: To a solution of 24 (143 nog) in MeOH (5 mL) was added 4N HCl (2 
mL). The solution was stirred at room temp^ature for 9h and was evaporated under reduced 
pressure. The residue was triturated mUh ether and the soUd was collected by filtration to 

15 provide hydrochloride salt 25 (100 mg, 92%) as a white powder. To a solution of X (47 mg, 
0.87 mmol) in CH3CN (1 mL) at O^C was added TMSBr (130 pL, 0.97 mmol). The reaction 
was warmed to room temperature and stirred for 6.5h at which time TMSBr (0.87 mmol) was 
added and stirring was continued for 16h. The solution was cooled to OX and was quenched 
with several (kops of ice-cold water. The solvents were evaporated under reduced pressure 

20 and the residue was dissolved in several milliters of MeOH and treated with propylene oxide 
(2 mL). The mixture was heated to gentle boiling and evaporated The residue was triturated 
with acetone and the soUd was collected by filtration to give phosphonic acid 26 (32 mg, 
76%) as a white solid. 

25 Hyample 22 

Phosphonate 27: To a suspension of 26 (32 mg, 0.66 mmol) in CH3CN (1 mL) was added 
bis(trimethylsflyl)acetamide (100 jiL, 0.40 nmaol) and the solution was stirred for 30 min at 
room tenqjarature. The solvent was evaporated under reduced pressure and the residue was 
dissolved m CH3CN (1 mL). To this solution was added (3R, 3aR, 6aS)-hexahydrofi3ro[2, 3- 
30 Z?]furan-2-yl 4-nitrophenyl carbonate (20 mg, 0.069 mmol, prepared accordiug to Ghosh et aL 
J. Med. Chem. 1996, 39, 3278.), N J^-diisopropylethylamme (35 pL, 0.20 mmol), and NJ^- 
dimethylaminopyridine (catalytic amount). The sohition was stirred for 22h at room 
ten^erature, dihited with water (0.5 mL) and was stirred with IR 120 ion exchange resin (325 
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mg. It fonn) until the pH was <2. The resin was renioved by filtration, washed with 
methanol and the filtrate was concentrated und» reduced pressure. The residue was 
dissolved water, treated with solid NaHCOa until pH=8 and was evaporated to dryness. The 
residue was dissolved in water and was purified on C18 reverse phase chromatography 
ehiting with water foDowed by 5%, 10% and 20% MeOH in wat» to give the disodium salt 
27 (24 mg) as a pale yellow soUd: NMR (DzO) 5 7.72 (d, 2H). 7.52 (dd, 2H), 7.13 (dd, 
ZH), 7.05 (d, 2H), 5.58 (d, IH), 4.87 (m, IH), 3.86-3.53 (m overlapping s, lOH), 3.22 (dd, 
IH), 3.12-2.85 (6H), 2.44 (m. IH), 1.83 (m, IH), 1.61 (m. 1H)1.12 (dd, IH), 0.77 (m, 6H); 
^'P NMR (D2O) 5 11.23 ; MS (ESI) 641 (M-H). 



Example 23 

Diethylphosphonate 28: To a solution of 25 (16 mg, 0.028 mmol) in CH^CSi (0.5 mL) was 
added (3R, 3aR. 6aS)-hexahydrofuro[2, 3-fclfuran-2-yl 4-nitrophenyl carbonate (9 mg, 0.031 
mmol), NJ^-diisopropylethylamine (20 pL, 0.11 mmol). and NO^-dimethylaminopyridine 
(catalytic amount). The sohition was stirred at room temperature for 48 h and was then 
concentrated under reduced pressure. The residue was partitioned between EtOAc and 
saturated NaHCC^. The organic phase was washed with saturated NaHCCb. saturated NaCl, 
and was dried (MgSO*), filtered, and concentrated under reduced pressure. The residue was 
purified by silica gel chromatography (2.5-5% 2-propanoVCH2Cl2). The residue obtained 
was further purified by preparative layer chromatography (5% MeOH/CHjCb) followed by 
column chromatography on silica gel (10% 2-FopanoVCH2a2) to afford diethy^hosphonate 
28 (7 mg) as a foam: ^H NMR (CDCh) 6 7.72-7.66 (m. 4H). 7.32-7.28 (2H), 6.96 (d, 2H), 
5.60 (d, IH), 4.97 (m. 2H), 4.18-4.01 (m, 4H), 3.94-3.60 (m overlapping s, lOH), 3.15-Z72 
(m, 7H), 1.78 (m, IH). 1.61 (mfHzO, -3H), 1.28 (t; 6H). 0.86 (m. 6H); ''P NMR (CDCI3) 6 
18.6 ; MS (ESI) 699 (M+H). 

Prospecti ve F.xanrple 24 

D5>henyl phosphonate 14 is treated with aqueous sodhim hydroxide to provide monophenyl 
phosphonate 29 according to the method found in J. Med. Chem. 1994, 37, 1857. 
Monophenyl phosphonate 29 is then converted to the monoamidate 30 by reaction with an 
amino acid ester in the presence of Phj and 2,2'-dipyridyl disulfide as described in the 
synthesis of bisamidate 16f. Alteratively, monoamidate 30 is prepared by treating 29 with an 
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amino acid ester and DCC Coupling conditions of this typ& are found in Bull. Chem. See. 
Jpn. 1988, 61,449L 

■ ' * " 

5 Diazo ketone 1: To a solution of N-tert-Butoxycarbonyl-O-benzyl-L-tyrosine (25 g, 67 
nunol, Fhika) in dry THF (150 mL) at -25-30°C (external bath ten^perature) was added 
isobutylchlorofonnate (8.9 mL, 69 mmol) followed by the slow addition of 
N.methylnioipholine (37.5 mL, 69 mmol). The mixture was stirred for 40 min, and 
diazon^thane (170 mmol, generated from 25 g l-methyl-3-nitro-l-nitroso-guanidine 

10 according to Aldrichimica Acta 1983, 16, 3) in ether (400 mL) was poured into the mixed 
anhydride solution. The reaction was stirred for 15 min allowing the bath to warm to room 
ten?)erature while stirring overnight for 4 h. The mixture was bubbled with N2 for 30 mm., 
washed with water, saturated NaHCCb, saturated NaCl, dried (MgS04), filtered and 
evaporated to a pale yellow solid. The crude solid was slurried in hexane, filtered, and dried 

15 to afford the diazo ketone (26.8 g, 99%) which was used directly in the next step. 

Example 26 

Chloroketone 2: To a suspension of diazoketone 1 (26.8 g, 67 mmol) in ether/THF (750 mL, 
3/2) at O^C was added 4M HQ in dioxane (16.9 mL, 67 mmol). The sohition was stirred at 
20 0°C for 2 hr. The reaction solvent was evaporated under reduced pressure to give the 
chloroketone (27.7 g, 97%) as a solid 

Example 27 

ChJoroakohol 3: To a solution of chloroketone 2 (127.1 g. 67 mmol) in THF (350 mL) was 
25 added watra (40 mL) and the solution was cooled to 3-4''C (internal tenqjerature). NaBIU 
(6.3 g, 168 mmol) was added in portions. The mixture was stirred for Ih at 0°C and the 
solvents were removed. The mixture was diluted with ethyl acetate and saturated KHSO4 
was slowly added until the pH<4 followed by saturated NaCL The organic phase was washed 
with saturated Nad, dried (MgS04) filtered and evaporated undM reduced pressure. The 
30 CTude product consisted of a 70:30 mixture of diastereomars by HPLC analysis (mobile 

phase, 77:25-CH3CN:H20; flow rate: 1 mUmin; detection: 254 nm; sample volume: 20 pL; 
column: 5\l CIS, 4.6X250 mm, Varian; ret«aition times: major diastereomer 3, 5.4 min, minor 
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diastereomer 4, 6.1 min). The residue was recrystallized from EtOAc/hexane twice to afford 
the chloro alcohol 3 (12.2g, >96% diastereomeric purity by HPLC analysis) as a white solid. 

Exan]ple28 

Epoxide 5: To a sohition of chloroafcohol 3 (12.17 g, 130 mmol) in EtOH (300 mL) was 
added KOH/EtOH solution (OJIN, 51 mL, 36 nimol). The mixture was stirred for at lOom 
temperature for 1.5h. The reaction inixture was evaporated under reduced pressure. The 
residue was partitioned between EtOAc and water and the organic phase was washed with 
saturated NH4CI, dried (MgS04), filtered, and evaporated under reduced pressure to afford 
the epoxide (10.8 g, 97%) as a white solid. 

Sulfonamide 6: To a suspension of epoxide 5 (10.8 g, 30 mmol) in 2-propanol (100 mL) was 
added isobutylamine (129.8 mL, 300 mmol) and the sohition was refluxed for 1 hr. The 
solution was evaporated under reduced pressure to give a crude solid. The soUd (42 mmol) 
was dissolved in CH2CI2 (200 mL) and cooled to O'^C. Triethylamine (11.7 mL, 84 mmol) 
was added followed by the addition of 4-methoxybenzenesulfonyl chloride (8.68 g, 42 mmol) 
and the solution was stirred for 40 min at 0°C, warmed to room temperature and evaporated 
. under reduced pressure. The residue was partitioned between EtOAc and saturated NaHCOa. 
The organic phase was washed with saturated Nad, dried (MgS04), filtered and evaporated 
under reduced pressure. The crade product was recrystallized from EtOAc/hexane to give the 
sulfonamide (23.4 g, 91%) as a small white needles: wp 122-124°C (uncorrected). 

Example 30 

Carbamate 7: A sobtion of sulfonamide 6 (6.29 mg, 10.1 mmol) in CH2CI2 (20 mL) was 
treated with trijQuoroacetic acid (10 mL). The solution was stirred for 3 hr. Volatiles were 
evaporated under reduced pressure and the residue was partitioned between EtOAc and 0.5 N 
NaOH. The organic phase were washed with 0.5 N NaOH (2x), water (2x) and saturated 
NaCl, dried (MgS04), filtered, and evaporated under reduced pressure. The residue was 
dissolved in CH3CN (60 mL), cooled to OX and was treated with (3R, 3aR, 6aS>- 
hexahydrofuro[2, 3-fc]ftiran-2-yl 4-nitrophenyl carbonate (298.5 g, 10 mmol, prq>ared 
according to Ghosh et aL J. Med. Oiem. 1996, 39, 3278.) and N JJ-dimethylaminopyridine 
(2.4 g, 20 mmol). After stirring for Ih at 0°C, the reaction solvent was evirated under 
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reduced pressure and the residue was partitioned between EtOAc and 5% citric acid. The 
organic phase was washed twice with 1% I&CO3, and then was washed with saturated NaO, 
dried (MgS04), filtered, and evaporated under reduced pressure. The crude product was 
purified by chromatography on silica gel (1/1 - EtOAc/hexane) ajffording the carbamate (5.4 
g, 83%) as a soUd: nop 128-129°C (MeOH, uncorrected). 

Example 31 

Phenol 8: A sohition of carbamate 7 (5.4 g, 8.0 mmol) in EtOH (260 mL) and EtOAc (130 
mL) was treated with 10% Pd/C (540 mg) and was stirred under H2 atmosphere (balloon) for 
3h. The reaction solution stirred with celite for 10 min, and passed through a pad of celite. 
The filtrate was evaporated under reduced pressure to afford the phenol as a solid (4.9 g) that 
contained residual solvent: nop 131-134°C (EtOAc/hexane, uncorrected). 

Example 32 

A 

Dibenzylphosphonate 10: To a solution of dibenzylhydroxymethyl phosphonate (3.1 g, 10.6 
mmol) in CH2Q2 (30 mL) was treated with 2,6-hitidine (1.8 mL, 15.6 mmol) and the reaction 
flask was cooled to -50''C (external temperature). Trifluoron»thanesulfonic anhydride (2. 1 1 
mL, 12.6 lumol) was added and the reaction mixture was stirred for 15 min and then the 
cooling bath was allowed to wann to 0°C over 45 min. The reaction mixture was partitioned 
between ether and ice-cold water. The organic phase was washed with cold IM H3PO4, 
saturated NaCl, dried (MgS04), filtered and evaporated under reduced pressure to afford 
triflate 9 (3.6 g, 80%) as an oil which was used directly without any further purificatioa To a 
solution of phenol 8 (3.61 g, 6.3 mmol) in THF (90 mL) was added CS2CO3 (4.1 g, 12.6 
mmol) and triflate 9 (4.1 g, 9.5 mmol) in THF (10 mL). A&ei stirring the reaction mixture 
for 30 mm at loom temperature additional CS2CO3 (6.96 g, 3 mmol) and triflate (1.26 g, 3 
mmol) were added and the mixture was stirred for 3.5h. The reaction mixture was 
evaporated under reduced pressure and the residue was partitioned between EtOAc and 
saturated NaCL The organic phase was dried (MgS04), filtered and evaporated under 
reduced pressure. TTie crude product was chromatogr^hed on silica gel ehiting (5% 2- 
propanol/CHzCfe) to give the dibenzylphosphonate as an oil that solidified upon standing. 
The sohd was dissolved in EtOAc, ether was added, and the soHd was precipitated at room 
tetq>erature overnight. After cooling to 0°C the solid was filtered and washed with cold ether 
to afford the dibenzylphosphonate (3.43 g, 64%) as a white sohd: NMR (CDCk) 5 7.66 
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(d. 2H), 7.31 (s, lOH), 7.08 (d, 2H), 6.94 (d, 2H), 6.76 (d, 2H). 539.(d, IH), 5.15-4.89 (m. 
6H), 4.15 (d, 2H), 3.94-3.62 (m. lOH), 3.13-2.69 (m. 7H), 1.78 (m. IH), 1.70-1.44 (m. 2H), 
0.89-0.82 (2d. 6H); NMR (CDCI3) 5 18.7; MS (ESI) 853 (M+H). 

Example 33 

Phosphonic acid 11: A solution of dibenzylphosphonate 10 (3.43 g) was dissolved in EtOH/ 
EtOAc (150 niL/50 mL), treated with 10% Pd/C (350 mg) and was stirred under H2 
atmosphere (balloon) for 3 h. The reaction mixture was stirred with celite, and the catalyst 
was removed by fOtration through celite. The filtrate was evaporated under reduced pressure 
and the residue was dissolved in MeOH and filtered with a 0.45 pM filter. Aft« evaporation 
of the filtrate, the residue was triturated with ether and the sohd was collected by filtration to 
afford the phosphonic acid (2.6 g, 94%) as a white sohd: 'H NMR {CDCh) 5 7.77 (d, 2H), 
7.19 (d. 2H). 7.09 (d, 2H), 6.92 (d. 2H). 5.60 (d. IH), 4.95 (m, IH). 4.17 (d, 2H). 3.94 (m, 
IH), 3.89 (s, 3H), 3.85-3.68 (m. 5H), 3.42 (dd, IH), 3.16-3.06 (m, 2H). Z96-2.84 (m. 3H), 
2.50 (m, IH), 2.02 (m, IH), 1.58 (m, IH), 1.40 (dd, IH), 0.94 (d, 3H), 0.89 (d, 3H); ^'P NMR 
(CDCfe) 6 16.2; MS (ESI) 671 (M-H). 
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Kigample Section B 



There is no Section B in this application. 
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Example Section C 
Example 1 

Dipheriyl phosphonate 31: To a solution of phosphonic acid 30 (11 g, 16.4 mmol) and phenol 
(11 g, 117 mmol) in pyridine (100 mL) was added 1, 3-dicyclohexylcarbodiimide (13.5 g, 
65.5 mmol). The solution was stirred at room temperature for 5 min and then at IGTC for 2t 
The reaction mixture was cooled to room temiperature, diluted with ethyl acetate (100 mL) 
and filtered. The filtrate was evaporated under reduced pressure to renM>ve pyridine. The 
residue was dissolved in ethyl acetate (250 mL) and acidified to pH = 4 by addition of HQ 
(0.5 N) at 0°C The mixture was stirred at 0°C for 0.5 h, filtered and the organic phase was 
separated and washed with farine, dried ova: MgS04, filtered and concentrated under reduced 
pressure. The residue was purified on silica gel to give diphenyl phosphonate 31 (9 g, 67%) 
as a sohd. ^^P NMR (CDQa) d 12.5. 

Example 2 

Monophenyl phosphonate 32: To a sohition of diphenylphosphonate 31 (9.0 g, 10.9 mmol) in 
acetonitrile (400 mL) was added NaOH (IN, 27 mL) at O'^C. The reaction mixture was stirred at 
0°C for 1 h, and then treated with Dowex (50WX8-200, 12 g). The mixture was stirred for 0.5 h 
at 0°C, and then filtered. The filtrate was concentrated under reduced pressure and co- 
evaporated with toluene. The residue was dissolved in ethyl acetate and hexane was added to 
precipitate out the monophenyl ptosphonate 32 (8.1 g, 100%). ^^P NMR (CDCb) d 18.3. 

Example 3 

Monoamidate 33a (Ri = Me, R2 = n-Bu): To a flask charged with monophenyl phosphonate 
32 (4.0 g, 5.35 mmol) , was added L^alanine n-butyl ester hydrochloride (4.0 g, 22 mmol), 1, 
3-dicyclohexylcarbodiimide (6.6 g, 32 mmol), and finally pyridine (30 mL) under nitrogen. 
The resultant mixture was stirred at 60 - 70°C for 1 h, then cooled to room temperature and 
diluted with ethyl acetate. The mixture was filtered and the filtrate was concentrated under 
reduced pressxire. The residue was partitioned between ethyl acetate and HCl (0.2 N) and the 
organic layer was separated. The ethyl acetate phase was washed with water, saturated 
NaHC03, dried over MgS04 , filtered and concentrated under reduced pressure. The residue 
was purified on sihca gel (pre-treated with 10% MeOH / CHaCCbEt, eluting with 40% 
CHaQa / CMsCOzEt and CH3C02Et) to give two komers of 33a in a total yield of 51%. 
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Isomer A (1.1 g): IH NMR (CDC13) d 0.88 (m, 9H), 1.3 (m, 2H), 1.35 (d, J = 7 Hz, 3H), 1.55 
(m, 2H), 1.55-1.7 (m. 2H), 1.8 (m. IH), 2.7-3.2 (m, 7H), 3.65-4.1 (m. 9H), 3.85 (s, 3H), 4.2 
(m, IH), 4.3 (d, J = 9.6 Hz, 2H), 5.0 (m, 2H), 5.65 (d, J = 5.4 Hz. IH). 6.85 (d, J = 8.7 Hz, 
2H), 7.0 (d, J = 8.7 Hz, 2H), 7.1-7.3 (m, 7H). 7.7 (d, J = 8.7 Hz. 2H); ''P NMR {CDCk) d 
5 20.5. Isomer B (1.3 g) IH NMR (CDCB) d 0.88 (m, 9H), 1.3 (m, 2H), 1.35 (d. J = 7 Hz, 3H). 
1.55 (m, 2H), 1.55-1.7 (m, 2H), 1.8 (m, IH), 2.7-3.2 (m, 7H). 3.65-4.1 (m, 9H), 3.85 (s, 3H), 
4.2-4.35 (m, 3H), 5.0 (m, 2H), 5.65 (d, J = 5.4 Hz, IH), 6.85 (d, J = 8.7 Hz, 2H), 7.0 (d, J = 
8.7 Hz, 2H), 7.1-7.3 (m. 7H), 7.7 (d, J = 8.7 Hz, 2H); ^'P NMR (CDa3) d 19.4. 



10 Exay n ple 4 

Monoamidate 33b (Ri = Me, R2 = i-Pr) was synthesized in the same manner as 33a in 77% 
yield. Jsoxna A : IH NMR (CX>a3) d 0.9 (2d, J = 6.3Hz, 6H), 1.2 (d, J = 7 Hz, 6H), 1.38 (d, . 
J = 7 Hz, 3H), 1.55-1.9 (m, 3H), 2.7-3.2 (m, 7H), 3.65-4.1 (m, 8H), 3.85 (s, 3H), 4.2 (m, IH), 
4.3 (d, J = 9.6 Hz, 2H). 5.0 (m, 2H), 5.65 (d, J = 5.4 Hz, IH), 6.85 (d, J = 8.7 Hz, 2H), 7.0 (d, 
15 J = 8.7 Hz, 2H), 7.1-7.3 (m, 7H), 7.7 (d, J = 8.7 Hz, 2H); ''P NMR (CDCI3) d 20.4. Isomer 
B: IH NMR (CDCB) d 0.9 (2d, J = 6.3Hz, 6H), 1.2 (d, J = 7 Hz, 6H), 1 .38 (d, J = 7 Hz, 
3H), 1.55-1.9 (m, 3H), 2.7-3.2 (m, 7H), 3.65-4.1 (m, 8H), 3.85 (s. 3H), 4.2 (m. IH), 4.3 (d, J 
= 9.6 Hz, 2H), 5.0 (m, 2H), 5.65 (d, J = 5.4 Hz, IH), 6.85 (d, J = 8.7 Hz, 2H), 7.0 (d, J = 8.7 
Hz, 2H), 7.1-7.3 (m, 7H), 7.7 (d, J = 8.7 Hz, 2H); ^'P NMR (CDQa) d 19.5. 
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Example Section P 
Example 1 

Cyclic Anhydride 1 (6.57 g, 51.3 mmol) was treated according to the procedure of Brown et 
5 al, J. Amen Chem. Soc. 1955, 77, 1089 -1091 to afford amino alcohol 3 (2.00g, 33%). for 
intermediate 2 : *H NMR (CD3OD) 5 2.40 (S, 2H). 1.20 (s, 6H). 

Example 2 

Amino alcohol 3 (2.0 g, 17 mmol) was stirred in 30 mL 1:1 THF: water. Sodium 
10 Bicarbonate (7.2 g, 86 mmol) was added, followed by Boc Anhydride (4.1 g, 19 mmoQ. The 
reaction was stirred for 1 hour, at which time TLC in 5% methanol/E>CM with ninhydrin stain 
showed coinpletion. The reaction was partitioned between water and ethyl acetate. The 
organic layer was dried and concentrated, and the resulting mixture was chromatographed on 
silica in 1:1 hexane: ethyl acetate to afford two fractions, "upper" and "lower" each having 
15 the correct mass. By NMR the correct product 4 was "Iowct" (0.56 g, 14%) *H NMR 
(CDaa) 6 3.7 (t, 2H), 3.0 (d,2H), 1.45 (t, 2H) 1.4 (s, 9H), 0.85 (s, 6H), 
MS (EST): 240 (M + 23). 

Example 3 

20 Sodium Hydride (60% emulsion in oil) was added to a solution of the alcohol 4 

(l.lg, 5.2 mmol) in dry DMF in a 3-neck flask under dry nitrogen. Shortly afterward triflate 
35 (2.4 g, 5.7 mmol) was added with stirring for 1.5 hrs. Mass spectrometry showed the 
presence of the starting material (240, M+23), thus 100 mg more 60% sodium hydride 
emulsion as well as -1 g more triflate were added with an additional hour of stirring. The 

25 reaction was quenched by the addition of saturated NaHCQs then partitioned betweoi ethyl 
acetate and water. The organic layer was dried with brine and MgS04 and eluted on silica 
with 1:1 hexane:ethyl acetate to afford 5 (0.445 g, 15%). NMR showed some contamination 
with alcohol 4 starting material NMR (CDCI3): 8 7.28 (s, lOH), 5.00 (m, 4H), 3.70 (t, 
2H), 2.94, (d, 2H), 1.44 (t, 2H), 1.40 (s, 9H), 083 (s, 6H) MS (ESI): 514 (M-i-23). 

30 

Example 4 

Phosphonate ester 5 (0.445 g, 0.906 mmol) was stirred with with 20% TFA iu DCM. (5 mL) 
TLC showed conq>Ietion in 1 hr time. The reaction was azeotroped with toluene then run on 
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a silica gel coluinn with 10% methanol in DCM. Subsequently, the product was dissolved in 
ethyl acetate and shaken with saturated sodium bicarbonate: water (1:1X dried with brine and 
magnesium sulfate to afford the free amine 6 (30mg, 8.5%). NMR (CDQa): 6 7.30 (s, 
lOH), 5.00 (m, 4H), 3.67 (d, 2H), 3.47, (t, 2H), 2.4-2.6 (hrs) 1.45 (t, 2H), 0.82 (s. 6H),MS 
5 (ESI): 393 (M+1). 



Example 5 

Amine 6 (30 mg, 0.08 nmiol) and epoxide 7 (21 xng, 0.08 mmol) were dissolved in 2 mL 
IprOH and heated to reflux for 1 hr then monitored by TLC in 10% MeOHZDCM. Added 

10 -20 mg more epoxide 7 and continued reflux for 1 hr. Cbol to room temperature, dilute with 
ethyl acetate, shake with water and brine, dry with magnesium sulfate. Silica gel 
chromatography using first 5% then 10% MeOH in EtOAc yielded amine 8 (18 mg, 36%). 

NMR (CDas): 8 7.30 (s, lOH), 7.20-7-14 (m, 5H), 5.25-4.91 (m, 4H), 3.83, (m, IH), 3.7 1 
(d, 2H) 3.64 (m, IH), 3.54 (t, 2H), 3.02-2.61 (m, 5H), 2.65-2.36 (dd. 2H) (t, 2H), 1.30 (s, 9H) 

15 0.93 (s, 9H) 0.83 (t, 2H) MS (ESI) 655 (M+1). 



Example 6 

Amine 8(18 mg, 0.027 nmiol) was dissolved in 1 nciL DCM then acid chloride 9 (6 mg, 0.2 
mmol) followed by triethylamine (0.(K)4 mL, 0.029 mmol). The reaction was monitored by 

20 TLC. Upon con5)letion the reaction was diluted with DCM shaken with 5% citric acid, 
saturated sodium bicarbonate, brine, and dried with MgS04. Purification on silica (1:1 
Hexane:EtOAc) afforded sulfonamide 10 (10.5 mg, 46%). NMR (CDQs): 5 7.69 (d, 2H), 
7.30 (s, lOH), 7.24-7-18 (m, 5H), 5.00 (m, 4H), 4.73, (d, IH), 4.19 (s, IH) 3.81 (m, IH), 3.80 
(s, 3H), 3.71 (d,2H), 3.57 (t, 2H), 3.11-2.95 (m, 5H) 2.75 (m,lI0L25 (s, IH), 0.90 (s, 6H) 

25 MS (ESI) 847 (M+Na^. 

Example 7 

Sulfonamide 10 (10.5 mg, 0.013 mmol) was stirred at room tercperature in 20% 
TFA/DQVL Once Boc deprotection was complete by TLC (1:1 Hexane:EtOAc) and MS, the 
30 reaction was azeotroped with toluene. The TFA salt of the amine was dissolved in 

acetonitrile (0.5 mg) and to this were added carbonate 11 (4.3 mg, 0.014 mnK>l) followed by 
DMAP (4.6 mg, 0.038 mg). Stir at room temp until TLC (1:1 Hexane:EtOAc) shows 
con^letion. Solvent was evaporated and the residue was redissolved in EtOAc then shaken 
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with saturated NaHCOa. The organic layer was washed with water and brine, then dried with 
MgS04 Purification on silica with Hexane: EtOAc afforded con5)Ound 12 (7.1 mg, 50%). 
NMR (CDCis): 5 7.75 (d, 2H) 7.24-7.35 (15H) 6.98 (d, 2H), 5.62 (d, IH) 5.04 (m, 4H) 4.98 
(m, IH) 4.03 (m, IH), 3.85 (s, 3H), 3.61-3.91 (9H), 3.23-3.04 (5H) 2.85 (m, IH), 2.74 
5 (m,lH) 1.61 (d, 2H), 1.55 (m, IH) L36 (m, IH) 0.96 (d, 6H) MS (ESI): 903 (M+23). 

Example 8 

Compound 12 (6.1 mg, 0.007 mmol) was ^lissolved in 1 mL 3:1 EtOH:EtoAc. PaDadium 
catalyst (10% on C, Img) was added and the mixture was purged three times to vacuum with 

10 1 atmo^here hydrogen gas using a balloon. The reaction was stirred for 2 hrs, when MS and 
TLC showed con^letioa The reaction was filtered through Celite with EtOH washing and 
all solvent to was evaporated to afford final compound 13 (5mg, 100%). ^H NMR (CD3OD): 
6 7.79 (d, 2H) 7.16-7.24 (5H) 7.09 (d, 2H) 5.58 (d, IH) 4.92 (m, IH) 3.97 (m, IH), 3.92 
(dd,lH) 3.89 (s, 3H) 3.66-3.78 (8H) 3.40 (d,lH), 3.37 (dd, IH), 3.15 (m, IH) 3.12 (dd,lH) 

15 2.96 (d, IH), 2.87 (m, IH), 2.74 (m,lH) 2.53 (m, IH) 1.70 (m, 2H), 1.53 (m, IH) 1.32 (m, 
IH) 1.04 (d, 6H) MS (ESI): 723 (M+23). 

Example 9 

Amino Alcohol 14 (2.67g, 25.9 mmol) was dissolved in THE with stirring and Boc 
20 Anhydride (6.78g, 31.1 mmol) was added. Heat and gas evolution ensued. TEA (3.97 mL, 
28.5 mmol) was added and the reaction was stirred overnight. In the morning, the reaction 
was quenched by the addition of saturated NaHCQs- The organic layer was separated out and 
shaken with water, dried with brine and MgS04 to afford 15 which was used without further 
purification. (100% yield) (some contamination): ^H NMR (CXK^b): 8 3.76 (t ,1H) 3.20, 
25 (d,2H), 2.97 (d, 2H), 1.44 (s, 9H), 0.85 (s, 6H). 

Example 10 

A solution of the alcohol 15 (500 mg, 2.45 mmol) in dry THF was cooled under dry N2 with 
stirring. To this was added n-butyl Uthium (1.29 mL, 2.71 mmol) as a solution in hexane in a 
30 manner similar to that described in Tetrahedron. 1995, 51 #35, 9737-9746. Triflate 35 (1.15 
g, 2.71 mmo5 was added neat with a tared syringe. The reaction was stirred for four hours, 
then quenched with saturated NaHCQs. The mixture was then partitioned between water and 
EtOAc. The organic lay^ was dried with brine and MgSO^, then cfaromatogr^bed on silica 

-1273- 



wo 03/090690 PCTAJS03/12901 

ill 1:1 HexanerEtOAc to afford phosphonate 16 (445mg, 38%) *H NMR (CDCI3): 5 737 (m, 
lOH), 5.09 (m, 4H), 3.73-3.75 (m, 2H), 3.24 (s,2H), 3.02 (d, 2H), 1.43 (s, 9H), 0.86 (s, 6H). . 

Exaniple 1 1 

5 Phosphonate 16 (249 mg, 0.522 mmol) was stirred in 20% TFA/DCM for 1 hr. The reaction 
was then azeotroped with tohiene. The residue was re-dissolved in EtOAc, then shaken with 
water: saturated NaHCCb (1:1). The organic layer was dried with hrine and MgS04 and 
solvent was renioved to afford amine 17 (143 mg, 73%) NMR (CDQa): 5 7.30 (s, lOH), 
5.05-4.99 (m, 4H), 3.73 (d, 2H), 3.23 (s, 2H), 2.46 (brs, 2H), 0.80 (s, 6H) NMR (CDCls): 
10 5 23.77 (s). 

Example 12 

Amine 17 (143 mg, 0.379 mmol) and epoxide 7 (95 mg, 0.360 mmol) were dissolved in 3 mL 
IprOH and heated to 85*'C for 1 hr. The reaction was cooled to room temperature overnight 
15 then heated to 85X for 1 hr more in the mornings The reaction was then diluted with EtOAc, 
shaken with water, dried vnth brine MgS04 and concentrated. The residue was eluted on 
silica in a gradient from 5% to 10% MeOH m DCM to afford coii5X)und 18 (33 mg, 14%). 

Example 13 

20 Mix conq)ound 18 (33 mg, 0.051 mmol) and chlorosulfonyl confound 9 (1 1 mg, 0.054 
mmol) in 2 mL DCM then add TEA (0.0075 mL, 0.054 mmol), stir for 5 hrs. TLC in 1:1 
EtOAc: hexane shows reaction not complete. Place in freezer overnight. In the morning, 
take out of freezer, stir for 2 hrs, TLC shows completion. Workup done with 5% citric acid, 
saturated NaHCOs, then dry with hrine and MgS04. The reaction mixtture was concentrated 

25 and chromatographed on a Monster Pipette column in 1 : 1 hexane: EtOAc then 7:3 hexane: 
EtOAc to avail compound 19 (28 mg , 67%) NMR (CDCfe): 5 7.37 (d, 2H), 7.20 (m, 
15H), 6.90 (d, 2H), 5.07-4.93 (m, 4H), 4.16 (brs, IH), 3.80 (s, 3H), 3.75-3.37 (m, 4H), 336 
(d, IH). 3.20-2.93 (m, 6H), 2.80- 2.75 (dd, IH). 

30 Exaniple 14 

Con5)ound 19 (28 mg, 0.35 mmol) was stirred m 4 mL DCM with additfon of 1 mL TFA. 
Stir for 45 minutes, at which time con[5)lete deprotection was noted by TLC as well as MS. 
Azeotrope with tohiene. The residue was dissolved in 1 mL CH3CN, cooled to OX. Bis- 
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Fman /;ara-Nitro phenol carbonate 1 1 (12 mg, 0.038 mmol), dimethyl amino pyridine ( - 1 
mg, 0.008 mmol) and diisopropylethylamine (0.018 mL, 0.103 mmol) were added. The 
mixture was stirred and allowed to come to room temp^ature and stirred until TLC in 1:1 
hexane:EtOAc showed conq>letioD. The reaction mixture was concentrated and the residue 
S was partitioned between saturated NaHCOs and EtOAc. The organiclayer was dried with 
brine and MgSQ*, thra chromatographed on silica with hexane£tOAc to afford compound 
20 (20 mg, 67%). *NMR (CDCk): 5 7.76 (d, 2H), 7.34-7.16 (m. 15 H), 7.07 (d, 2H), 5.56 (d, 
IH), 5.09 (m, 4H), 4.87 (m, IH), 4.01 (m, IH), 3.91 (m, 2H), 3.87 (s, 3H). 3.86 (m. IH), 3.69 
(m, IH), 3.67 (m, IH) 3.60 (d, 2H) 3.28 (m. IH) 3.25 (d, 2H), 3.32 (d, IH), 3.13 (m, IH), 
10 3.02 (m, IH) 2.85 (d, IH), 2.83 (m, IH) 2.52 (m, IH) 1.47 (m, IH), 1.31 (m, IH) 0.98 (s, 
3H), 0.95 (s,3H). 

Example 15 

Con;>ound 20 (7 mg, 0.008 mmol) was treated in a manner identical to exaiiq>te 8 to a£ford 
15 compound 21 (5 mg, 90%) 'H NMR (CDCfe): 6 7.80 (d, 2H), 7.25-7.16 (m, 5H), 7.09 (d, 
2H), 5.58 (d, IH), 4.92 (m, IH), 3.99 (m, IH), 3.92 (m, IH), 3.88 (s, 3H), 3.86 (m, IH), 
3.77 (m, IH), 3.75 (m, IH), 3.73 (m, IH), 3.71 (m, IH) 3.71 (m, IH), 3.68 (m, IH), 3.57 
(d,lH), 3.41 (d, IH), 3.36 (m, IH), 3.29 (d, IH), 3.25 (d, 2H), 3.18 (m, IH), 3.12 (m, IH), 
3.01 (d, IH) 2.86 (m, IH), 2.53 (m, IH) 1.50 (m, IH), 1.33 (m, IH), 1.02 (s, 3H), 0.99 (s, 
20 3H). 

Conq)ound 15 (1.86 g, 9.20 mmol) was treated with triflate 22 in a manner identical to 
exanq)le 10 to afford conqwund 23 (0.71 g, 21.8%) 'H NMR (CDQs): 5 5.21 (hrs, IH) 4.16- 
25 4.07 (m, 4H), 3.71-3.69 (d, 2H), 3.24 (s, 2H), 1.43 (s, 9H), 1.34-1.28 (m, 6H) 0.86 (s, 6H). 

Example 17 

Compound 23 (151 mg, 0.427 mmol) was dissolved in 10 mL DCM and 1.0 mL TFA was 
added. The reaction was stirred untfl completion. The reaction was azeotroped with toluene 
30 and the residue was th^ dissolved in THF ai^ treated with basic Dowex resin beads. 
Afterwards, the beads were filtered away and solvent was removed to avail conqmund 24 
(100 mg, 92%) 'H NMR (CDCI3): S 4.15-4.05 (m, 4H), 3.72-3.69 (d, 2H), 3.27 (s, 2H), 1.30- 
1.26 (m, 6H) 0.81 (s, 6H). 
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Example 18 

Con]pouiid 24 (100 mg, 0.395 mmol) was treated in a manner identical to examplt 12 to avail 
compound 25 (123 mg, 60%). NMR (CDCfe): 5 7.2&-7.13 (m, 5H), 4.48^.83 (d, IH) 
5 4.17-4.06 (m, 4H), 3.75 (d, 2H) 3.56 (hrs, IH), 3.33 (s, 2H), 2.93-2.69 (m, 4H), 2.44-2.55 
(dd, 2H) 1.32 (m, 6H), 0.916 (s, 6H). 

Bxanq)le 19 

ConqK)und 25 (88 mg, 0.171 mmol) was treated in a nmimer identical to exanq>le 13 to afford 
10 compound 26 (65 mg, 55%) NMR (CDQs): 6 7.26-7.13 (m, 5H), 4.48-4.83 (d, IH) 4.17- 
4.06 (m, 4H), 3.75 (d, 2H) 3.56 (brs, IH), 3.33 (s, 2H), 2.93-2.69 (m, 4H), 2.44-2.55 (dd, 2H) 
1.32 (m, 6H), 0.916 (s, 6H). 

Example 20 

15 Conq>ound 26 (65 mg, 0.171 mmol) was treated in a nnanner identical to example 14 to afford 
con5)Ound 27 (49 mg, 70%) *HNMR: 

(CDa3):57.75 (d, 2H), 7.25-7.24 (m,4 H), 7.18 (m, IH) 6.99 (d, 2H), 5.63 (d, IH), 5.01 (m, 
IH), 4.16 (m, 4H), 3.94 (m, IH), 3.88 (m, IH), 3.88 (s, 3H), 3.84 (m, IH), 3.81 (m, IH), 3.74 
(m, 2H), ), 3.70 (m, IH), 3.69 (m, IH) 3.43 (m, IH), 3.24 (m, IH), 3.22 (m; 2H) 3.21 (m, 
20 2H) 3.12 (m, IH), 3.02 (m, IH) 2.86 (m, IH), 2.72 (m, IH), 1.54 (m, IH), 1.38 (m, IH) 1.35 
(m,6H) 1.00 (s,3H), 0,96 (s,3H). 

Example 21 

Boo protected anune 28 (103 mg, 0.153 mmoD was dissolved in DCM (5 niL). The stirred 
25 solution was cooled to 0°C BBra as a 1.0 M solution in DCM (0.92 mL, 0.92 mmol) was 

added dropwise over 10 min, and the reaction was allowed to continue stirring at O^'C for 20 

min. The reaction was wanned to room tenq>^ture and stirring was continued for 2 hours. 

The reaction was then cooled to O^C and quenched by dropwise addition of MeOH (1 mL). 

The reaction mixture was evaporated and the residue suspended in methanol which was 
30 removed under reduced pressure. The procedure was repeated for EtOAc and finally toluene 

to afford free auMne HBr salt 29 (107 mg, >100%) which was used without further 

purification. 
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Example 22 

Amine HBr salt 29 (50 mg, 0.102 mmol) was suspended in 2 mL CH3CN with stirring then 
cooled to OX. DMAP (25 mg, 0.205 mmol) was added, followed by Carbonatel 1. The 
reaction was stirred at 0°C for 1.5 hrs then allowed to warm to room tenq>erature. The 
5 reaction was stirred overnight. A few drops Acetic acid were added to the reaction mixture, 
which was concentrated and re-diluted with ethyl acetate, shaken with 10% citric acid then 
saturated NaHCOa. The organic layer was dried with brine and MgS04 and ehited on silica to 
afford di-phenol 30(16 mg, 28%) NMR (CD3OD): 8 7.61, (d, 2H), 7.01 (d, 2H), 6.87 (d, 
2H), 6.62 (d, 2H), 5.55 (d, IH), 4.93 (m, IH), 3.92 (m, 2H), 3.79 (m, 5H), 3.35 (m, IH), 3.07 
10 (m, 2H), 2.88 (m, 3H), 2.41 (m, IH), 2.00 (m, IH), 1.54 (m, IH), 1.31 (dd, IH) 0.89-0.82 
(dd, 6H). 

Exanyle 23 

A solution of di-phenol 30 (100 mg, 0.177 mmo^) was made in CH3CN that had been dried 

15 over K2CO3. To this, the triflate (0.084 mL, 0.23 mmol) was added, followed by CS2CO3 
(173 mg, 0.531 mmol). The reaction was stirred for 1 hr. TLC (5% IprOH/DCM) showed 2 
spots with no starting materials left. Solvent was evaporated and the residue was partitioned 
between EtOAc and water. The organic layer was washed with saturated NaHCOs, then 
dried with brine and MgS04. The mixture was s^arated by column chromatography on 

20 silica with 3% IprOH in DCM. The upper spot 3 1 (90 mg, 46%) was confirmed to be the bis 
alkylation product The lower spot required finth^ purification on silica gel plates to afford a 
single mono alkylation product 32 (37 mg, 26%). The other possible alkylation product was 
not obs^ed. NMR : 'H NMR (CDCl3):/or 31: 8 7.57 (d, 2H), 7.37 (m, lOH) 7.03 (d, 
2H), 6.99 (d, 2H), 6.73 (d, 2H), 5.69 (d, IH), 5. 15-5.09 (m, 4H), 5. 10 (m, IH), 4.32 (d, 2H), 

25 4.02 (d, IH), 3.82 (m, IH) 3.81 (m, IH), 3.93-3.81 (m, 2H), 3.74 (d, IH), 3.06 (m, IH), 3.00 
(m, IH), 2.96 (m, IH), Z91 (m, IH) 2.77 (m, IH) 2.64 (m, IH) 2.47 (m, IH) 1.82 (m, 2H) 
1.79 (m, IH). 0.94-0.86 (dd, 6H)for32: 5 7.68 (d, 2H), 7.33-7.35 (m, 20H), 7.11 (d, 2H), 
6.96 (d, 2H), 6.80 (d, 2H), 5.26 (d, IH), 5.11(na, 8H), 5,00 (m, IH) 4.23 (d, 2H), 4.19 (d, 
2H), 3.93 (m, IH), 3.82-3.83 (m, 3H), 3.68-3.69 (m, 2H) 3.12-2.75 (m, 7H), L82 (m, IH), 

30 1.62-1.52 (d, 2H), 0.89-0.86 (dd, 6H). 



Example 24 

Reft J. Med. Chem. 1992, 35 10,1681-1701 
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To a solution of phosphonate 32 (100 mg, 0.1 19 mmol) in dry dioxane was added CS2CO3 
(233 mg, 0.715 mmol), followed by 2-(dimethylamino) ethyl chloride hydrochloride salt (69 
mg, 0.48 nunol). The reaction was stirred at room ten5)erature and monitored by TLC. 
When it was determined that starting material remained, additional CS2CO3 (233 mg, 0.715 
nunol) as well as amine salt (69 mg, 0.48 mmol) w^e added and the reaction was stirred 
ovanight at 60°C. In tte morning when TLC showed con5)letion the reaction was cooled to 
room teniperature, filtered, and concentrated. The product amine 33 (40 mg, 37%) was 
purified on silica. Decon5)osition was noted as lower spots were seen to emerge with time 
using 15% MeOH in DCM on silica. 

Example 25: 

Amine 33 (19 mg, 0.021 mmoQ was dissolved in 1.5 mL DCM. This solution was stirred in 
an icebath. Methane sulfonic acid (0.0015 mL, 0.023 mmol) was added and the reaction was 
stirred for 20 minutes. The reaction was warmed to room tenq)erature and stirred for 1 hour. 
The product, amine mesylate salt 34 (20 mg, 95%) was precipitated out by addition of 
hexane. NMR (CD3OD): 5 7.69 (d, 2H), 7.35 (m, lOH), 7.15 (m, 4H) 6.85 (m, 2H), 5.49 
(d, IH), 5.10 (m, 4H), 4.83 (m, IH), 4.62 (d, 2H), 4.22 (m, 2H), 3.82 (m, IH), 3.56 (m, IH), 
3.48 (m, 2H), 3.35 (m, IH), 2.99 (m, IH), 2.95 (m, IH), 2.84 (s, 6H), 2.78 (m, IH), 2.75 (m, 
IH), 2.70 (m, IH), 2.40 (m, IH) 1.94 (m, IH), 1,43 (m, IH), 1.27 (m, IH), 0.77 (dd, 6H). 
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Eample Section E 



Scheme 1 



OH r^.=v OH 



BocHN.,^A^N.^/^^OMe ^ HgN^^^A^N.^-^^^^OH 



OH r^/=v OH 



BocHN^^^N. x^^y-OH ^ BocHNv^A^N. .^^~^OCH2PO(OBn)2 



OH 1^^^==, 
^ H2N^A^N.^^.-^^^OCH2PO(OBn)2 ^ 




O O 



^ H 9H r 7=\ 

.,>O^N.,.„,^N._A >-OCH2PO(OBn)2 



H 9H r /=\ 

^.O 



OCH2PO(OH)2 
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Example 1 

To a solution of phenol 3 (336 mg, 0.68 mmo^ in THF (10 mL) was added CS2CO3 (717 mg, 
2.2 mmol) and tiiflate (636 mg, 1.5 mmol) in THF (3 mL). After the reaction mixture was 
stirred for 30 min at room ten5)erature, the mixture was partitioned between EtOAc and 
S water. The organic phase was dried over Na2S04, filtered, and evaporated und^ reduced 
pressure. The crude product was chromatographed on silica gel (ehiting 40-50% 
EtOAc/hexane) to give dibenzylphosphonate 4 (420 mg, 80%) as a colorless oil 

Example 2 



10 




OCH2PO(OBn)2 



To a solution of dibenzylphosphonate 4 (420 mg, 0.548 mmol) in CH2CI2 (10 mL) was added 
TFA (0.21 mL, 2.74 mmol). After the reaction mixture was stirred for 2 h at room 
teD[5)erature, additional TFA (0.84 mL, 1 1 mmol) was added and the mixture was stirred for 3 
h. The reaction mixture was evaporated under reduced pressure and the residue was 
15 partitioned between EtOAc and IM NaHCOs. The organic phase was dried over Na2S04, 
filtered, and evaporated under reduced pressure to give amine 5 (325 mg, 89%). 

Examples 




20 To a solution of carbonate (79 mg, 0.27 mmol), amine 5 (178 mg, 0.27 mmol), and CH3CN 

(10 mL) was added DMAP (66 mg, 0.54 mmol) at 0°C. After the reaction mixture was 

» 

wanned to room terqperature and stirred for 16 hours, the mixture was concentrated under 
reduced pressure. The residue was chromatographed on silica gel (eluting 60-90% 
EtOAc/hexane) to give a mixture of carbamate 6 and starting carbonate. The mixture was 
25 further piuified by HPLC on C18 reverse phase chromatography (ehiting 60% CHsCN/water) 
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5 



10 



to give carbamate 6 (49 mg, 22%) as a colorless oflL *H NMR (300 MHz, CDCb) 5 7.68 (d, 
2H), 7.22 (m, 15 H), 6.95 (d, 2H), 5.62 (d. IH), 5.15 (dt. 4H), 5.00 (m. 2H), 4.21 (d, 2H), 
3.88 (m, 4H), 3.67 (m, 3H), 3.15 (m, 2H), Z98 (m, 3H), 2.80 (m, 2H), 1.82 (m, IH), 1.61 (m, 
IH), 0.93 (d, 3H), 0.88 (d, 3H). 



To a solution of carbamate 6 (21 n^g, 0.026 mmol) in EtOH / EtOAc (2 mL/1 mL) was added 
10% Pd/C (1 1 mg). After the reaction mixture was stirred under H2 atmosphere (balloon) for 
2 hours, the mixture was fOtered through Celite. The filtrate was evaporated under reduced 
pressure to give phosphonic acid 7 (17 mg, 100%) as a colorless solid. 'H NMR (300 MHz, 
CD3OD) 8 7.73 (d, 2H), 7.19 (m, 5H), 7.13 (d, 2H), 5.53 (d, IH), 4.26 (d. 2H). 3.86 (m, IH), 
3.64 (m, 5H), 3.38 (d, IH), 3.13 (d, IH), 3.03 (dd, IH), 2.86 (m. 3H). 2.48 (m, IH), 1.97 (m, 
IH), 1.47 (m, IH), 1.28 (m, 2H), 1.13 (t, IH), 0.88 (d, 3H), 0.83 (d, 3H). 
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To a solution of phenol 8 (20 mg, 0.036 mmol) and triflate (22 mg, 0.073 mmol) in THF (2 
mL) was added CS2CO3 (29 mg, 0.090 mmol). After the reaction mixture was stirred for 30 
min at room temperature, the mixture was partitioned between EtOAc and water. The 
organic phase was dried over N^S04, filtered, and evaporated under reduced pressure. The 
crude product was purified by preparative thin layer chromatography (eluting 80% 
EtOAc/hexane) to give diethylphosphonate 9 (21 mg, 83%) as a colorless oiL NMR (300 
MHz, CDCI3) 5 7.73 (d, 2H), 7.25 (m, 5H), 7.07 (d, 2H), 5.64 (d, IH), 5.01 (m. 2H), 4.25 (m, 
6H), 3.88 (m, 4H), 3.70 (m, 3H), 2.97 (m, 6H), 1.70 (m, 4H), 1.38 (t, 6H), 0.92 (d, 3H), 0.88 
(d, 3H). ^^P NMR (300 MHz, CDCk) 5 18.1. 
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Schemes 



O O 
O BnO^^-OPh HC^^HDRh 

BnO^f-OH " — 

O^OEt Or^OEt 
10 11 12 

O H OH , 

TfOr^lf-OPh o'^.»^*^N,^^N.-,X }-OMe 



13 14 



. OPh 

°x 

O^OEt 



Example 6 



O 

BnOT ^P-OPh 



I 

O 



OEt 



To a solution of phosphonic acid 10 (520 mg, 2.57 mmoO in CH3CN (5 mL) was added 
thionyl chloride (0.75 mL, 10.3 mmol) and heated to 70''C ia an oil bath. After the reaction 
mixture was stirred for 2 h at 70°C, the mixture was concentrated and azeotioped with 
tohiene. To a solution of the crude chloridate in toluene (5 mL) was added tetrazole (18 mg, 
0.26 mmol) at O^'C To this mixture was added phenol (121 mg, 1.28 mmo^> and 
triethylamine (0.18 mL, 1.28 mmol) in tohiene (3 mL) at O^^'C After the reaction mixture was 
warmed to room ten5>erature and stirred for 2 h, ethyl lactate (0.29 mL, 2.57 mmol) and 
triethylamine (0.36 mL, 2.57 mmol) in tohiene (2.5 mL) were added. The reaction mixture 
was stirred for 16 hours at room temperature, at whkh time the mixture was partitioned 
between EtOAc and saL NH4CL The organic phase was washed with sat. NH4CI, IM 
NaHCOa, and brine, then dried over Na2S04, filtered, and evaporated under reduced pressure. 
The crude product was chromatographed on silica gel (eluting 20-40% EtOAc/hexane) to 
give two diastereomers of phosphonate 11 (66 mg, 109 mg, 18% total) as colorless oils. 
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Exanmlft 7A 



O 

HO P-OPh 
I 



X 



To a solution of phosphonate 11 isomer A (66 mg, 0.174 mmol) in EtOH (2 roL) was added 
10% Pd/C (13 mg). After the reaction mixture was stirred under atmosphere (balloon) for 
6 h, the mixture was filtered through Celite. The filtrate was evaporated, under reduced 
pressure to give alcohol 12 isomer A (49 mg, 98%) as a colorless oiL 



Example 7B 

To a solution of phosphonate 11 isomer B (110 mg, 0.291 mmol) in EtOH (3 mL) was added 
10% Pd/C (22 mg). After the reaction mixture was stirred under H2 atnaosphere (balloon) for 
6 h, it was filtered through Celite. The filtrate was evaporated under reduced pressure to give 
alcohol 12 isomer B (80 mg, 95%) as a colorless oil. 



Example 8A 



O 

TfO^^-OPh 



O-^OEt 



To a solution of alcohol 12 isomer A (48 mg, 0.167 mmol) in CH2CI2 (2 mL) was added 2,6- 
lutidine (0.03 mL, 0.250 mmol) and trifluoromethanesulfonic anhydride (0.04 mL, 0.217 
nnnol) at -40°C (dry ice-CHaCN bath). After the reaction mixture was stirred for 15 mm at - 
40°C, the mixture was warmed to O'^C and partitioned between EtaO and IM H3PO4. The 
organic phase was washed with IM H3PO4 (3 times), dried over Na2S04, filtered, and 
evaporated under reduced pressure to give triflate 13 isomer A (70 mg, 100%) as a pale 
yellow oil. 
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To a solution of alcohol 12 isomer B (80 mg, 0.278 mmo^ in CH2CI2 (3 mL) was added 2,6- 
lutidine (0.05 mL, 0.417 nmiol) and trifluoromethanesulfonic anhydride (0.06 mL, 0361 
mmol) at -40'*C (dry ice-CHaCN bath). After the reaction mixture was stirred for 15 min at - 
40''C, the nmbdure was warmed to 0°C and partitioned between EtaO and IM H3PO4. The 
organic phase was washed with IM H3PO4 (3 tunes), dried over Na2S04, filtered, and 
evaporated under reduced pressure to give triflate 13 isomer B (115 mg, 98%) as a pale * 
yellov^ oiL 

Example 9A 




cr Fj>-oph 



O^OEt 



To a solntion of phenol (64 mg, 0. 1 1 1 mmol): 



OH 




o o 



and triflate 13 isomer A (70 mg, 0.167 mmol) in THF (2 mL) was added Csc^COs (72 mg, 
0.222 mmol). After the reaction mixtm» was stirred for 30 min at room ten^erature, the 
mixture was partitioned between EtOAc and water. The organic phase was dried over 
NaiSOij, filtered, and evaporated under reduced pressure. The crude product was 
chromatographed on silica gel (eluting 60-80% EtOAc/hexane) to give a mixture. The 
mixture was further pxnified by HPLC on C18 reverse phase chromatography (ehiting 55% 
CHaCn^I/watCT) to give phosphonate 14 isom^ A (30 mg, 32%) as a colorless sohd. 'H NMR 
(300 MHz, CDCfe) 5 7.71 (d, 2H), 7.26 (m, 6H), 7.00 (m, 5H), 5.65 (d, IH), 5.14 (m, IH). 
5.00 (m, 2H). 4.54 (dd, IH). 4.44 (dd, IH), 4.17 (m, 2H), 3.96 (dd, IH), 3.86 (m. 5H), 3.72 
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(m, 3H), 3.14 (m. IH), 2.97 (m, 4H), 2.79 (m, 2H), 1.83 (m, IH), 1.62 (m, 3H), 1.50 (d, 3H), 
1.25 (m, 3H), 0.93 (d, 3H), 0.88 (d, 3H). ^^P ^JMR (300 MHz, CDCI3) 5 17.4. 

Example 9B 

5 

To a sohition of phenol (106 iiig» 0.183 imiK)l): 




and tiiflate 13 isomer B (1 15 mg, 0.274 mmol) in THF (2 mL) was added CS2CO3 (119 mg, 
0.366 mmol). After the reaction mixture was stirred for 30 min at room temperature, the 

10 mixture was partitioned between EtOAc and water. The organic phase was dried over 
Na2S04, filtered, and evaporated under reduced pressure. The crude product was 
chromatographed on silica gel (ehiting 60-80% EtOAc/hexane) to give a mixture. The 
mixture was further purified by HPLC on C18 reverse phase chromatography (eluting 55% 
CHsCIN/water) to give phosphonate 14 isomer B (28 mg, 18%) as a colorless soMd. NMR 

15 (300 MHz, CDCh) 5 7.71 (d, 2H), 7.26 (m, 6H), 6.94 (m, 5H), 5.66 (d, IH), 5.17 (m. IH), 
4.99 (m, 2H), 4.55 (m, IH), 4.42 (m, IH), 4.16 (m, 2H), 3.97 (m, IH), 3.85 (m, 5H), 3.72 (m, 
3H), 3.13 (m, IH), 2.97 (m, 4H), 2.80 (m, 2H), 1,83 (m, IH), 1.60 (m, 6H), 1.22 (m, 3H), 
0.93 (d, 3H), 0!88 (d, 3H). ^^P NMR (300 MHz, CDCk) 5 15.3. 

20 

Resolution of Compound 14 Diastereomers 

Analysis was performed on an analytical AUtech Econosil cohinm, conditions described 
below, with a total of about 0.5 mg 14 injected onto the column. This lot was a mixture of 
major and minor diastereoruers where the lactate ester carbon is a mix of R and S 
25 configurations. Up to 2 mg could be resolved on the analytical column. Larger scale 

injections (up to 50 mg 14) were p^ormed on an Alltech Econosil semi-preparative column, 
conditions described below. 

The isolated diastereomer firactions were stripped to dryness on a rotary evaporator under 
30 house vacuum, followed by a final high vacuum strip on a vacuum punq>. The 
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chromatographic solvents were displaced by two portions of dicMoromethane before the final 
high vacuum strip to aid in removal of trace solvents, and to yield a fiiable foam. 

The bulk of the diastereomer resolution was performed with n-heptane substituted for 
hexanes for safety considerations. 

Sample Dissolution: While a fairly polar solvent mixture is described below, the san5>le may 
be dissolved in mobile phase with a minimal quantity of ethyl alcohol added to dissolve the 
sanq>le. 




mill's 
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HPLC CONDraONS 



Cohmm 
Mobfle Phase 
Flow Rate 
RunTime 
Detection 
Tenmerature 
Injection Size 
Sanople Prep. 



Retention Times 



mil 



Alltech Econosil, 5 jjm, 4.6 x 250 
Hexanes - Isopropyl Alcohol (90:10) 
1.5 mL/min 



50 mm 

UVat242nm 
Ambient 
100 [iL 

- 5 mg/mL, dissolved in hexanes 
ethyl alcohol (75:25) 
14 - 22 min 
14 - 29 nun 

Less Polar Impurity - 19 min 



Semi-Preparative Colnmn. SO mg Laiection. n-Heptane - IPA (84;16) 



84:16 ODlnaa « 10 




BJixticp tinrn 



iain*8 
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Colunm 
Mobile Phase 
Flow Rate 
RunTime 
Detection 
Temperature 
Injection Size 
Dissolution 
Retention Times 



PCT/DS03/12901 



Alltech Econosil, 10 pm, 22 x 250 mm 
n-Heptane — Isoprbpyl Alcohol (84:16) 
lOmL/min 
65niin 

UV at 257 nm 
Ambient 
--50 mg 

2 mL mobile phase plus ~ 0.75 mL ethyl alcohol 
14 - 41 mm 
14 ~ 5 4 min 

Less Polar Impurity ~ Not resolved 



■r 
I 
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Examp Tft 1 

Phosphonic acid 2: To a solution of coii5>ound 1 (A. Hohr et al. J. Med. Chem. 42. 12 
5 1999; 2633-2640) (4.45 g. 17 inmol) in CHaCfe (50 mL) at room tenrperature was addell 
bminotrimethylsilane (1.16 mL. 98.6 mmol). m sohition was stirred for 19 h. lUe volatiles 
were evaporated under reduced pressure to give the oily phosphonic acid 2 (3.44 g. 100%). 
'H NMR (CDCb) 5 7.30 (m. 5H), 4.61 (s. 2 H). 3.69 (d, 2H). 

10 Examp^ft 

Compound 3: To a solution of phosphonic acid 2 (0.67 g, 3.3 mmol) in CH3CN (5 mL) was 
added thionyl chloride (1 mL. 13.7 mmol) and the solution was heated at 70°C for 2.5 h. Tbc 
volatiles were evaporated under reduced pressure and dried in vacuo to afford an oily 
phophonyl dichloride. lUe crude chloride intermediate was dissolved in OfcOa (20 mL) and 
15 cooled in an iceAvat^ bath. Ethyl lactate (1.5 mL. 13.2 mmol) and triethyl amine (1.8 mL. 
13.2 mmol) were added dropwise. The mixture was stirred for 4 h at room temperature arid 
diUuted with more CH2CI2 (100 mL). The organic solution was washed with O.IN HCI, 
saturated aqueous NaHCQ,. and brine, dried (MgSO,) filtered and evaporated under reduced 
pressure. The crude product was diromatographed on silica gel to afford oily compound 3 
(0.548 g. 41%). 'H NMR (CDQa) 6 7.30 (m. 5H). 5.00-5.20 (m, 2H), 4.65 (m, 2H). 4.20 (m. 
4H). 3.90 (d. 2H). 1.52 (t. 6H), 1.20 (t. 6H). 



20 



25 



30 



Alcohol 4: A solution of compound 3 (0.54 g. 1.34 mmol) m EtOH (15 mL) was treated with 
10% Pd/C (0.1 g) mider H2 (100 psi) for 4 h. The mixture was filtered and the filtrate was 
treated with fresh 10% PD/C (0.1 g) under (1 atmosphere) for 18 h. The mixture was 
filtered and the filtrate was evaporated tp afford alcohol 4 (0.395 g. 94%) as an oiL NMR 
(CDas) 8 4.90-5.17 (m. 2H). 4.65 (q. 2H). 4.22 (m, 4H). 4.01 (m, 2H). 1.55 (t. 6H). 1.21 (t. 
6H); 3'P NMR (CDCb) 5 22.8. 

Examp le 4 

Triflate 5: To a solution of alcohol 4 (122.8 mg. 0.393 mmol) in CH2CI2 (5 mL) at -40°C 
were added 2.6-lutidine (0.069 mL, 0.59 mmol) and trifluoromethansulfonic anhydride 
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(0.086 mL, 0.51 mmol). Stirring was continued at O^C for 2 h. and the mixture partitioned in 
CH2a2 and saturated NaHCOa. The organic layer was washed with O.IN HCl, saturated 
Nad, dried CMgS04), fifltered and evaporated under reduced pressure. The crude product 5 
(150 mg, 87%) was used for the next step without fiirther purification. NMR (CDCb) 8 
5.0-5.20 (m, 2H), 4.93 (d, 2H), 4.22 (m, 4H), 1.59 (m, 6H), 1.29 (t, 6H). 

Example 5 

Phosphonate 6: A sohition of phenol 8 (see Scheme Section A, Scheme 1 and 2) (32 mg, 
0.055 mmol) and triflate 5 (50 mg, 0.1 1 mmol) in THF (1.5 mL) at room ten5>erature was 
treated with CS2CO3 (45.6 mg, 0.14 mmol). The mixture was stirred for 2.5 h and partitioned 
in EtOAc and saturated NaHCQs. The organic layer was washed with O.IN HCl, saturated 
NaCl, dried (MgS04), filtered and evaporated under reduced pressure. The crude product 
was purified by chromatography on silica gel (30-70% EtOAc/hexane) affording the 
phosphonate 6 (41 mg, 84%) as a soUd. *H NMR (CDCI3) 5 7.71 (d, 7. 13 (d, 2H), 7.00 
(d, 2H), 6.90 (d, 2H), 5.65 (d, IH), 4.90-5.22 (m, 3H), 4.40 (m, 2H), 4.20 (m, 4H), 3.90 (s, 
3H), 3.65^.00 (m, 5H), 2.70-3.20 (m, 6H), 1.52-1.87 (m, 12H), 1.25 (m, 6H), 0.85-0.90 (m, 
6H); ^^P NMR (CDCfe) 6 20.0. 

Example 6 

Compound 7: To a solution of phosphonic acid 2 (0.48 g, 2.37 mmol) in CHaCaST (4 mL) was 
added thionyl chloride (0.65 mL, 9.48 mmol) and the solution was heated at 70^C for 2.5 h. 
The volatiles were evaporated under reduced pressure and dried in vacuo to afford an oily 
phophonyl dichloride. The crude chloride intermediate was dissolved in CH2CI2 (5 mL) and 
cooled in an ice/water bath. Ethyl glycolate (0.9 mL, 9.5 mmol) and triethyl amine (1.3 mL, 9.5 
mmol) were added dropwise. The mixture was stirred for 2 h at room ten^erature and dilluted 
with more CH2a2 (100 mL). The organic solution was washed with O.IN HO, saturated 
aqueous NaHCCb, and saturated NaCl, dried (MgS04) filtered and concentrated under reduced 
pressure. The crude product was chromatographed on silica gel to afford oily compound 7 
(0.223 g, 27%). *H NMR (CDQa) 5 7.30 (m, 5H), 4.65 (m, 6H), 4.25 (q, 4H), 3.96 (d, 2H), 
1.27 (t, 6H); ^^P NMR (CDQa) 5 24.0. 

Examplft 7 
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I 

i 



Alcohol 8: A solution of coii5)ound 7 (0.22 g, 0.65 mmol) in EtOH (8 mL) was treated with 
10% Pd/C (0.04 g) under H2 (1 atmosphere) for 4 h. The mixture was filtered and the filtrate 
was evaporated to afford alcohol 8 (0. 156 g, 96%) as an oiL NMR {CDCk) 8 4.66 (m, 
4H), 4.23 (q, 4H), 4.06 (d, 2H), 1.55 (t, 6H), 1.26 (t, 6H); ^^P NMR (CDCI3) 8 26.8. 

5 

Example 8 

Triflate 9: To a solution of alcohol 8 (156 mg, 0.62 mmoO in CH2CI2 (5 mL) at -40^C were 
added 2,6-hitidine (0.11 mL, 0.93 msDol) and trifkioromethansulfonic anhydride (0.136 mL, 
0.8 mmol). Stirring was continued at 0°C for 2 h. and the mixture partitioned in CH2CI2 and 
10 saturated NaHCCb- The organic layer was washed with 0. IN HCO, saturated NaCl, dried 
(MgS04), filtered and evaporated under reduced pressure. Tte crude product 9 (210 mg, 
88%) was used for the next step without further purification. NMR (CDCI3) 8 4.90 (d, 
2H), 4.76 (d, 4H), 4.27 (q, 4H), 1.30 (t, 6H). 

15 Example 9 

Phosphonate 10: A solution of phenol 8 (30 mg, 0.052 mmol) and triflate 9 (30 mg, 0.078 
mmol) in THF (1.5 mL) at room ten5)erature was treated with CS2CO3 (34 mg, 0.1 mmol). 
The mixture was stirred for 2.5 h and partitioned in EtOAc and saturated NaHCOs. The 
organic layer was washed with 0. IN HCl, saturated NaCa, dried (MgS04), filtered and 

20 evaporated under reduced pressure. The crude product was purified by chromatography on 
silica gel (30-70% EtOAc/hexane) affording the unreacted phenol (xx) (12 mg, 40%) and the 
phosphonate 10 (16.6 mg, 38%) as a solid. NMR (CDCk) 8 7.71 (d, 2H), 7.13 (d, 2H), 
7.00 (d, 2H), 6.90 (d, 2H), 5.65 (d, IH), 5.00 (m, 2H), 4.75 (m, 4H), 4.48 (d, 2H), 4.23 (q, 
4H), 3.90 (s, 3H), 3.65-4.00 (m, 5H), 2.70-3.20 (m, 6H), 2.23 (b.s., 2H), 1.52-1.87 (m, 4H), 

25 1 .25 (t, 6H), 0.85-0.90 (m, 6H); ^^P NMR (CDCfe) 8 22.0. 

Examplft in 

Compound 11: To a solution of phosphonic acid 2 (0.512 g, 2.533 mmol) in CHaCaSf (5 mL) 
was added thionyl chloride (0.74 mL^ 10 mmol) and the solution was heated at 70*'C for 2.5 
30 h. The volatiles were evaporated under reduced pressure and dried in vacuo to afford an oily 
phophonyl dichloride. The crude chloride intermediate was dissolved in toluene (8 mL) and 
cooled in an ice/water bath. A catalytic amount of tetrazol (16 mg, 0.21 mmol) was added 
followed by the addition of a solution of triethylamine (0.35 mL, 2.53 mmol) and phenol (238 
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mg. 2.53 mmol) in toluene (5 mL). The mixture was stirred at room temperature for 3 k A 
solution of ethyl glycolate (0.36 mL. 3.8 mmoD and triethyl amine (0.53 mL, 3.8 mmol) in 
tohient (3 mL) was added dropwise. The mixture was stirred for 18 h at room temperature 
and partitioned in EtOAc and 0.1NHCL The organic sohition was washed with saturated 
5 aqueous NaHCOa, and saturated Nad. dried (MgS04) filtered and concentrated under 
reduced pressure. The crude product was chromatographed on siHca gel to afford diphenyl 
phophonate as a byproduct (130 mg) and compound 11 (0.16 g, 18%). NMR (CDCfe) 5 
7.15-7.40 (m. lOH). 4.58-4.83 (m. 4H), 4.22 (q, 2H), 4.04 (dd, 2H), 1.24 (t. 3H). 

10 Example 11 

Alcohol 12: A solution of compound 11 (0.16 g. 0.44 mmol) in EtOH (5 mL) was treated 
with 10% Pd/C (0.036 g) under Ha (1 atmosphere) for 22 h. Hie mixture was filtaed and the 
filtrate was evaporated to afford alcohol 12 (0. 1 12 g, 93%) as an oiL 'H NMR (CDCfe) 6 
7.15-7.36 (m, 5H), 4.81 (dd. IH). 4.55 (dd, IH). 4.22 (q. 2H). 4.12 (m. 2H). 3.78 (b.s., IH). 
15 1.26 (t, 6H); ^'P NMR (CDCI3) 5 22.9 

Example. 1 9 

Tiiflate 13: To a solution of alcohol 12 (112 mg. 0.41 mmol) in CHiCli (5 mL) at -40°C 
were added 2,6-Iutidine (0.072 mL. 0.62 mmol) and trifhioromethansulfonic anhydride (0.09 
mL, 0.53 mmol). Stirring was continued at 0°C for 3 h. and the mixture partitioned in 
CH2CI2 and saturated NaHCCb- The organic layer was washed with O.IN HO. saturated 
NaCa, dried (MgS04), filtered and ev^orated under reduced pressure. The crude product 
was purified by chromatography on silica gel (30% EtOAc/hexane) affording triflate 13 (106 
nig. 64%). 'H NMR (CDQa) 5 7.36 (m. 2H). 7.25 (m, 3H). 4.80-5.10 (m. 3H). 4.60 (dd, IH), 
4.27 (q, 2H), L28 (t, 3H); ^'P NMR (CDCI3) 8 ILl 

Examp Tf. 13 

Phosphonate 14: A solution of phenol 8 (32 mg, 0.052 mmol) and triflate 13 (32 mg, 0.079 
mmol) in CH3CN (1.5 mL) at room ten5)erature was treated with CszCXb (34 mg. 0.1 mmol). 
The mixture was stirred for 1 h and partitioned in EtOAc and saturated NaHCQ,. The 
organic layer was washed with saturated NaCl. dried CMgS04). filtered and evaporated under 
reduced pressure. The cmde product was purified by chromatography on sifica gel (70% 
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EtOAc/hexane) affording phoq>hoiiate 14 (18 mg, 40%). *H NMR (CDCfe) S 7.71 (d, 2H), 
6.75-7.35 (m. IIH. 5.65 (d, IH), 5.00 (m, 2H), 4.504.88 (m, 3H), 4J20 (q, 2H), 3.84 (s, 3H). 
3.65-4.00 (m, 5H), 2.70-3J20 (m, 6H), 1.52-1.87 (m, 6H). 1.25 (t. 3H), 0.85-0.90 (m, 6H); ^'P 
NMR iCDCk) 5 17.9, 17.7. 

Example 14 

Piperidine 16: A solution of confound 15 (3.1 g, 3.673 nnnol) in MeOH (100 mL) was 
treated with 10% Pd/C (0.35 g) under H2 (1 atmosphere) for 18 h. The mixture was filtered 
and the filtrate was evaporated to afford phenol 16 (2 g, 88%). NMR (CDsOD) 8 7.76 (d, 
2H), 7.08 (d. 2H). 7.04 (d, 2H). 6.65 (d. 2H). 5.59 (d, IH). 4.95 (m, IH), 3.98 (s, 3H). 3.65- 
4.00 (m, 5H). 3.30-3.50 (m, 3H). 2.80-3.26 (m, 5H). 2.40-2.70 (m. 3H). 1.35-2.00 (m, 7H), 
1.16 (m, 2H); MS (ESI) 620 (M+H). 



Eyamplft I 'i 

Fcmnamide 17: P5)eridine 16 obtained above (193 mg, 0.3118 nmiol) in DMF (4 mL) was 
treated with formic acid (0.035 mL, 0.936 mmol), triethylamine (0.173 mL, 1.25 mmol) and 
EDCI (179 mg, 0.936 mmol) at room temperature. The mixture was stirred for 18 h and 
partitioned in EtOAc and saturated NaHCX)^. The organic layer was washed with saturated 
NaCl, dried (MgS04), filtered and evaporated under reduced pressure. The crude product 
was purified by chromatography on siHca gel (EtOAC/hexane) affording formamide 17 (162 
mg, 80%). 'H NMR (CDCfe) 5 7.96 (s. IH), 7.68 (d. 2H), 7.04 (d, 2H), 6.97 (d, 2H). 6.76 (d, 
2H). 5.63 (d, IH), 5.37 (bs, IH), 5.04 (m, IH), 4.36 (m. IH), 3.93 (s, 3H). 3.52-3.95 (m, 7H), 
2.70-3.20 (no, 8H), 1.48-2.00 (m, 7H), 1.02 (m, 2H). 



Dibenzyl phosphonate 18: A solution of phenol 17 (123 mg, 0.19 mnrol) and dibenzyl 
trifluoromethansulfonyloxymethaiq)hosphonate YY (120 mg, 0.28 mmol) in CH3CN (1.5 
mL) at room temperature was treated CS2CO3 (124 mg, 0.38 mmol). The mixture was stirred 
for 3 h and partitioned in CH2CI2 and saturated NaHCOj. The organic layer was washed with 
0.1N HO, saturated NaCl, dried (MgS04), filtered and evaporated under reduced pressure. 
The crude product was purified by cfaromatogr^hy on silica gel (10% MeOH/CH2ab) 
affording phosphonate 18 (154 mg, 88%). *H NMR {CDCk) 6 7.96 (s, IH), 7.68 (d, 2H), 
7.35 (m. lOH). 7.10 (d, 2H), 6.97 (d, 2H). 6.80 (d, 2H), 5.63 (d, IH), 4.96-5.24 (m, 6H), 4.37 
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(m, IH), 4.20 (d, 2H), 3.84 (s, 3H), 3.52-3.95 (m, 7H), 2.55-3.20 (m. 8H), 1.48-2.00 (m, 7H), 
1.02 (m. 2H). ^^P NMR (CDCls) 5 20.3. 

HxflTnplft 17 

5 Phosphonic acid 19: A solution of phosphonate 18 (24 mg, 0.026 imnol) in MeOH (3 mL) 
was treated with 10% Pd/C (5 mg) und^ H2 (1 atmosphere) for 4 h. The miixtare was filtered 
and the filtrate was evaporated to afiford phosphonic acid 19 as a solid (18 mg, 93%). 
NMR (CD3OD) 5 8.00 (s, IH). 7.67 (d, 2H), 7.18 (d, 2H), 7.09 (d, 2H), 6.90 (d, 2H), 5.60 (d, 
IH), 4.30 (m. IH), 4.16 (d, 2H), 3.88 (s, 3H), 3.60-4.00 (m, 7H). 3.04-3.58 (m, 5H), 2.44- 
10 2.92 (m. 5H), 1.28-2.15 (m, 5H), 1.08 (m, 2H). ^^P NMR (CDOs) 5 16.3. 

Example 18 

Diethyl phosphonate 20: A solution of phenol 17 (66 mg, 0.1 mmol) and diethyl 
trifluoromethansulfonyloxymethanphosphonate XY (46 mg, 0.15mmol) in CH3CN (1.5 mL) at 

15 room temperature was treated CS2CO3 (66 nag, 0.2 mmol). The mixture was stirred for 3 h and 
partitioned in CH2C12 and saturated NaHCOa. Ihe organic layer was washed with O.IN HO, 
saturated NaCl, dried (MgS04), filtered and evaporated under reduced pressure. The crude 
product was purified by chromatogr^hy on silica gel (10% M&OH/CJizClz) affording the 
unreacted 17 (17 mg, 26%) and diethyl phosphonate 20 (24.5 mg, 41%). NMR (CBCfe) 5 

20 8.00 (s, IH), 7.70 (d, 2H), 7.16 (d, 2H), 7.00(d, 2H), 6.88 (d, 2H), 5.66 (d, IH), 4.98-5.10 (m, 
2H), 4.39 (m, IH), 4.24 (m, 5H), 3.89 (s, 3H), 3.602-3.98 (m, 7H), 2.55-3.16 (m, 8H), 1.50- 
2.00 (m, 7H), 1.36 (t, 6H), 1.08 (m, 2H). ^^P NMR (GDCfe) 5 19.2 

Example 19 

25 N-methyl pepiridine diethyl phosphonate 21: A solution of compound 20 (22.2 mg, 0.0278 
mmol) in THF (1.5 mL) at O^^C was treated with asohition of borane in THF (IM, 0.083 mL). 
The mixture was stirred for 2 h at room tenq>erature and the starting material was consumed 
conq>letely as monitored by TLC. The reaction mixture was cooled in an ice/water bath and 
excess methanol (1 mL) was added to quench the reaction. The solution was concentrated in 

30 vacuo and the crude product was cbromatographed on silica gel with MeOH/EtOAc to afford 
compound 21 (7 mg, 32%). ^H NMR (CDCfe) 5 7.70 (d, 2H), 7.16 (d, 2H), 7.00(d, 6.88 
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(d, 2H), 5.66 (d, IH), 4.98-5.10 (m, 2H), 4.24 (m, 4H), 3.89 (s, 3H), 3.602-3.98 (m, TH), 
2.62-3.15 (m, 9H), 2.26 (s, 1.52-2.15 (m, lOH), 1.36 (t, 6H). ^*PNMR (CDCfe) 5 19.3 
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Example Section G 
Example 1 

CoiiQX)und 1 : To a solution of 4~iiitrobe]izyl bromide (21.6 g, 100 mmol) in toluene (100 
5 mL) was added triethyl phosphite (17.15 niU 100 mL). The nrfxtoie was heated at 120°C for 
14 hrs. The evaporation under reduced pressure gave a brown oil, which was purified by 
flash column chromatography (hexane/EtOAc= 2/1 to 100 % EtOAc) to afford compound 1. 

Example 2 

10 Conqx)und 2: To a solution of conqpound 1 (1.0 g) in ethanol (60 mL) was added 10% Pd-C 
(300 mg). The mixture was hydrogenated for 14 hrs. Celite was added and the mixture was 
stirred for 5 mins. The mixture was filtered through a pad of celite, and washed with ethanoL 
Concentration gave conqK)und 2. 

15 Example 3 

Compound 3: To a solution of conf>ound 3 (292 mg, 1.2 mmol) and aldehyde (111 mg, 0.2 
mmol) in methanol (3 mL) was added acetic acid (48 pL, 0.8 nmiol). The mixture was 
stirred for 5 mins, and sodium cyanoborohydride (25 mg, 0.4 mmol) was added. The mixture 
was stirred for 14 hrs, and methanol was removed under reduced pressure. Water was added, 
20 and was extracted with EtOAc. The organic phase was washed 0.5 N NaOH solution (Ix), 
water (2x), and brine (Ix), and was driejl over MgS04. Purification by flash column 
chromatography (CH2Cl2^eOH = 100/3) gave conq)ound 3. 

Example 4 

25 Con5)ound 4: To a solution of compound 3 (79 mg , 0.1 mmoQ in CH2CI2 (5 mL) was added 
triftuoroacetic acid (1 mL). The noi^ture was stirred for 2 hrs, and solvents were evaporated 
under reduced pressure. Coevaporation with EtOAc and CH2CI2 gave an oiL The oil was 
dissolved in THF (ImL) and tetrabutylamonium fluoride (0.9 mL, 0.9 mmol) was added* The 
mixture was stirred for 1 hr, and solvent was removed. Purification by flash column 

30 chromotogaphy (CH2Cl2/MeOH = 100/7) gave compound 4. 

Example 5 

Confound 5: To a solution of con^und 4 CO.l mmol) in acetonitrile (1 mL) at 0°C was 

added DMAP (22 mg, 0.18 mmol), followed by bisfiirancarbonate (27 mg, 0.09 mmol). The 

35 mixture was stirred for 3 hrs at O^'C, and diluted with EtOAc. The organic phase was washed 
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with 0.5 N NaOH solation (2x), water (2x), and brine (Ix), and dried over MgS04. 
Purification by flash colmnn chromotography (CH2Cl2/MeOH = 100/3 to l(K)/5) afford 
con5)ound 5 (50 mg): NMR (CDQa) 8 7.70 (2 H, d, J = 8.9 Hz), 7. 1 1 (2 H, d, J = 8.5 Hz), 
6.98 (2 H, d, J = 8.9 Hz). 6.61 (2 H, d, J = 8.5 Hz), 5.71 (1 H, d, J = 5.2 Hz), 5.45 (1 H, m), 
5 5.13 (1 H. m), 4.0 (6 H, m), 3.98-3.70 (4 H, m), 3.86 (3 H, s), 3.38 (2 H, m), 3.22 (1 H. m), 
3.02 (5 H, m), 2.8 (1 H, m), 2.0-1.8 (3 H, m), 1.26 (6 H, t, J = 7.0 Hz), 0.95 (3 H. d, J = 6.7 
Hz), 0.89 (3 H, d, J = 6.7 Hz). 

Exaiq)le6 

10 Compound 6: To a sohition of con?>ound 5 (30 mg, 0.04 mxml) in MeOH (0.8 mL) was 

added 37% fomaldehyde (30 pL, 0.4 mmol), followed by acetic acid (23 pL, 0.4 mmol). The 
mixture was stirred for 5 mins, and sodium cyanoborohydride (25 mg, 0.4 imno]^ was added. 
The reaction mixture was stirred for 14 hrs, and diluted with EtOAc. The organic phase was 
washed 0.5 N NaOH solution (2x), water (2x), and brine, and dried over MgS04. Purification 

15 by flash column chromatography (CH2Cl2/MeOH = 100/3) gave compound 6 (1 1 n^): ^H 
NMR (CDCfe) 5 7.60 (2 H, d. J = 8.9 Hz), 7.17 (2 H, m), 6.95 (2 H, d, J = 8.9 Hz), 6.77 (2 H, 
d, J = 8.5 Hz), 5.68 (1 H, d, J = 5.2 Hz), 5.21 (1 H, m), 5.09 (1 H, m), 4.01 (6 H, m), 3.87 (3 
H, s), 3.8-3.3 (4 H, m), 3.1-2.6 (7 H, m), 2.90 (3 H, s), 1.8 (3 H, m), 1.25 (6 H, m), 0.91 (6 H, 
m). 

20 

Exanyle 7 

Con[q)ound 7: To a solution of compound 1 (24.6 g, 89.8 mmol) in acetomtrile (500 mL) was 
added TMSBr (36 mL, 269 nmK>l). The reaction mixture was stirred for 14 hrs, and 
evaporated under reduced pressure. The mixture was coevsqporated with MeOH (2x), toluene 

25 (2x), EtOAc (2x), and CH2CI2 to give a yellow solid (20 g). To the suspension of above 

yellow sofid (15.8 g, 72.5 mmol) in toluene (140 mL) was added DMF (1.9 mL), followed by 
thionyl chloride (53 mL, 725 mmol). The reaction mixture was heated at 60**C for 5 hrs, and 
evaporated under reduced pressure. The mixture was coevaporated with toluene (2x), 
EtOAc, and CH2a2 (2x) to afford a brown soUd. To the solution of the brown solid in 

30 CH2CI2 at 0°C was added benzyl alcohol (29 mL, 290 mmol), followed by slow addition of 
pyridine (35 mL, 435 mmol). The reaction mixture was allowed to warm to 25''C and stirred 
for 14 hrs. Solvents were removed under reduced pressure. The mixture was diluted with 
EtOAc, and washed with water (3x) and brine (Ix), and dried over MgS04. Concentration 
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gave a dark oil, which was purified by flash cohmm chroroatography (hexanes^tOAc = 2/1 
to 1/1) to afford compound 7. 

Example 8 

■■ ' • 

5 Compound 8: To a sohition of con;>ound 7 (153 g) in acetic add (190 mL) was added Zinc 
dust (20 g). The mixture was stirred for 14 hrs, and celite was added. The suspension was 
filtered through a pad of celite, and washed with EtOAc. The sohition was concentrated 
under reduced pressure to dryness. The mixture was diluted with EtOAc, and was washed 
with 2N NaOH (2x), water (2x), and hrine (Ix), and dried over MgS04. Concentration under 
10 reduced pressure gave compound 8 as an oil (IS g). 

Compound 9: To a solution of con5)ound 8 (13.5 g, 36.8 mmol) and aldehyde (3.9 g, 7.0 
mmol) in methanol (105 mL) was added acetic acid (1.68 mL, 28 mmol). The mixture was 
15 stirredfor5 mins, and sodium cyanoborohydride (882 nog, 14 romo]^ was added. The 

naixture was stirred for 14 hrs, and methanol was rerooved und^ reduced pressure. Water 
was added, and was extracted with EtOAc. The organic phase was washed 0.5 N NaOH 
solution (Ix), water (2x), and hrine (Ix), and was dried over MgS04. Purification by flash 
column chromatography (CHzCVMeOH = 100/3) gave compound 9 (6.0 g). 

20 

« 

Example 10 

Compound 10: To a solution of con5)ound 9 (6.2 g , 6.8 mmol) in CH2CI2 (100 mL) was 
added trifluoroacetic acid (20 mL). The mixture was stirred for 2 hrs, and solvents were 
evaporated under reduced pressure. Coevaporation with EtOAc and CH2CI2 gave an oiL The 
25 oil was dissolved in THF (ImL) and tetrabutylamonium fluoride (0.9 mL, 0.9 mmol) was 
added. The mixture was stirred for 1 hr, and solvent was removed. Purification by flash 
column chronaotogaphy (CH2Cl2/MeOH = 100/7) gave con5>ound 10. 

Example 11 

30 Compound 11: To a solution of compound 10 (5.6 mmoQ in acetonitrile (60 mL) at 0°C was 
added DMAP (1.36g, 11.1 nomol), followed by bisfurancarbonate (1.65 g, 5.6 mmo^). The 
mixture was stirred for 3 hrs at O^'C, and diluted with EtOAc. The organic phase was washed 
with 0.5 N NaOH sohition (2x), water (2x), and hrine (Ix), and dried ova: MgS04. 
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Purification by flash column chromotography (CH2a2^eOH = 100/3 to 100/5) a£ford 
compound 1 1 (3.6 g): NMR (CDCk) 8 7.70 (2 H, d, J = 8.9 Hz), 7.30 (10 H, m), 7.07 (2 
H, m), 6.97 (2 H, d, J = 8.9 Hz), 6.58 (2 H, d, J = 8.2 Hz), 5.70 (1 H, d, J = 5.2 Hz), 5.42 (1 
H, m), 5. 12 (1 H, m), 4.91 (4 H, m), 4.0-3.7 (6 H, m), 3.85 (3 H, s), 3.4 (2 H, m), 3.25 (1 H, 
5 m), 3.06 (2 H, d, J = 21 Hz), 3.0 (3 H, m), 2.8 (1 H, m), 1.95 (1 H, m), 1.82 (2 H, m), 091 (6 
H,m). 

Example 12 

Compound 12: To a solution of compound 11 (3.6 g) in ethanol (175 mL) was added 10% 
10 Pd-C (1.5 g). The reaction mixture was hydrogenated for 14 hrs. The mixture was stirred 
with cehte for 5 mins, and filtered through a pad of celite. Concentration und^ reduced 
pressure gave compound 12 as a white solid (2.8 g): ^H NMR (DMSOde) 5 7.68 (2 H, m), 
7.08 (2.H, m), 6.93 (2 H, m), 6.48 (2 H, m), 5.95 (1 H, m), 5.0 (2 H, m), 3.9-3.6 (6 H, m), 
3.82 (3 H, s), 3.25 (3 H, m), 3.05 (4 H, m), 2.72 (2 H, d, J = 20.1 Hz), 2.0-1.6 (3 H, m), 0.81 
15 (6H,m). 

Exanyle 13 

Con5)Ound 13: Compound 12 (2.6 g, 3.9 mmol) and I^alanine ethyl ester hydrochloride 
(3.575 g, 23 mmol) were coevaporated with pyridine (2x). The mixture was dissolved in 

20 pyridine (20 mL) and diisopropylethylamine (4.1 mL, 23 mmol) was added. To above 

mixture was added a solution of Aldrithiol (3.46 g, 15.6 mmol) and triphenylphosphine (4.08 
g, 15.6 g) in pyridine (20 mL). The reaction mixture was stirred for 20 hrs, and solvents were 
evaporated imder reduced pressure. The mixture was diluted with ethyl acetate, and was 
washed with 0.5 N NaOH solution (2x), water (2x), and brine, and dried over MgS04. 

25 Concentration under reduced pressure gave a yellow oil, which was purified by flash column 
chromatography (CH2Cl2/MeOH = 100/5 tolOO/10) to afford conipound 13 (750 mg): 
NMR (CDQa) 5 7.71 (2 H, d, J = 8.8 Hz), 7.13 (2 H, m), 6.98 (2 H, d, J = 8.8 Hz), 6.61 (2 H, 
d, J = 8.0 Hz), 5.71 (1 H, d, J = 5.2 Hz), 5.54 (1 H, m), 5.16 (1 H, m), 4.15 (6 H, m), 4.1-3.6 
(6 H, m), 3.86 (3 H, s), 3,4-3.2 (3 H, m), 3.1-2.8 (8 H, m), 2.0 (1 H, m), 1.82 (2 H, m), 1.3 (12 

30 H, m), 0.92 (6 H, m). 

Example 14 

Con5)ound 14: To a solution of 4-hydroxypiperidine (19.5 g, 193 mmol) in THF at 0°C was 
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added sodium hydroxide solution (160 mL, 8.10 g, 203 mmol), followed by di-tert-butyl 
dicarbonate (42.1 g, 193 mmol). The mixture was warmed to 25^C, and stirred for 12 hours. 
THF was removed under reduced pressure, and the aqueous phase was extracted with EtOAc 
(2x). The combined organic layer was washed with water (2x) and brine, and dried over 
MgS04. Concentration gave a conq>ound 14 as a white soKd (35 g). 

Example 15 

Con5)ound 15: To a solution of alcohol 14 (5.25 g, 25 mmol) in THF (100 mL) was added 
sodium hydride (1.2 g, 30 mmol, 60%). The suspension was stirred for 30 mins, and 
chloromethyl methyl sulfide (2.3 mL, 27.5 mmol) was added. Starting material alcohol 14 
still existed after 12 hrs. Dimethy sulfoxide (50 miL) and additional chloromethyl methyl 
sulfide (2.3 mL, 27.5 mmol) were added. The mixture was stirred for additional 3 hrs, and 
THF was removed und^ reduced pressure. The reaction was quenched with watCT, and 
extracted with ethyl acetate. The organic phase was washed with water and brine, and was 
dried over MgS04. Purification by flash column chromatography (hexanes/EtOAc = 8/1) 
gave conq>ound 15 (1.24 g). 

Example 16 

Con^^ound 16: To a solution of con^jound 15 (693 mg, 2.7 mmol) in CH2CI2 (50 mL) at - 
78°C was added a solution of sulftiryl chloride (214 |iL, 2.7 mmol) in 01202 (5 mL). The 
reaction mixture was kept at -78X for 3 hrs, and solvents wctc removed to give a white 
solid. The white sohd was dissolved in toluene (7 niL), and triethyl phosphite (4.5 mL, 26.6 
mmol) was added. The reaction mixture was heated at 120*^0 for 12 hrs. Solvent and excess 
reagent was removed imder reduced pressure to give compound 16. 

Example 17 

Con5)ound 17: To a solution of compound 17 (600 nog) in CH2CI2 (10 mL) was added 
trifluoroacetic acid (2 mL). The mixture was stirred for 2 hrs, and was concentrated und^ 
reduced pressure to give an oil. The oil was diluted with methylene chloride and base resin 
was added. The suspension was filtered and the organic phase was concentrated to give 
coii5)oimd 17. 
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Coii5)ound 18: To a solution of compoimd 17 (350 mg, 1.4 mmol) and aldehyde (100 mg, 
0.2 mmol) in methanol (4 mL) was added acetic acid (156 nJL, 2.6 mmoQ. The mixture was 
stirred for 5 mms, and sodium cyanoborohydride (164 mg, 2.6 mmol) was added. The 
mixture was stirred for 14 hrs, and methanol was removed under reduced pressure. Water 
was added, and was extracted with EtOAc. The organic phase was washed 0.5 N NaOH 
solution (Ix), water (2x), and brine (Ix), and was dried over MgS04. Purification by flash 
column chromatography (CH2Gb/MeOH = 100/3) gave coii5)ound 18 (62 mg). 

ExampTft 10 

Compound 19: To a solution of coii5)ound 18 (62 mg, 0.08 namol) in THF (3 mL) were 
added acetic acid (9 |lL, 0.15 mmol) and tetrabutylaironium fluoride (0.45 mL, 1.0 N, 
0.45mmol). The mixture was stirred for 3 hr, and solvent was removed. Purification by flash 
column chromotogaphy (CH2Cl2/MeOH = 100/5) gave an oiL To a solution of above oil in 
CH2a2 (2 mL) was added trifiuoroacetic acid (2 mL). The mixture was stirred for 1 hrs, and 
was concentrated under reduced pressure. Coevaporation with EtOAc and CH2CI2 gave 
conq)ound 19. 

Example 20 

Compound 20: To a sohition of conq>ound 19 (55 mg 0.08 mmol) in acetonitrile (1 mL) at 
O^C was added DMAP (20 mg, 0.16 mmol), followed by bisfurancarbonate (24 mg, 0.08 
mmol). The mixture was stirred for 3 hrs at O^'C, and diluted with EtOAc. The organic phase 
was washed with 0.5 N NaOH solution (2x), water (2x), and brine (Ix), and dried over 
MgS04. Purification by flash column chromotography (CH2Cl2/MeOH = 100/3 to 100/5) 
afford con5)ound 20 (46 mg): NMR (CDCk) 5 7.70 (2 H, d, J = 8.9 Hz), 7.01 (2 H, d, J = 
8.9 Hz), 5.73 (1 H, d, J = 5.1 Hz), 5.51 (1 H, m), 5.14 (1 H, m), 4.16 (1 H, m), 4.06 (1 H, m), 
3.94 (3 H, m), 3.86 (3 H, s), 3.80 (1 H, m), 3.75 (2 H, d, J = 9.1 Hz), 3^18 (1 H, m), 3.47 (1 H, 
m), 3.30 (1 H, m), 3.1-2.6 (8 H, m), 2.3 (2 H, m), 2.1-1.8 (5 H, m), 1.40 (2 H, m), 1.36 (6 H, 
t, J = 7.0 Hz), 0.93 (3 H, d, J = 6.7 Hz), 0.86 (3 h, d, J = 6.7 Hz). 

Example 21 

Conqxjund 21: Con5)ound 21 was made from Boc-4-Nitro-l^Phenylalaniae (Huka) 
following the procedure for Compound 2 in Scheme Section A, Scheme 1. 
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Exanyle 22 

Conqpound 22: To a solution of chloroketone 21 (2.76 g, 8 mmol) in THF (50 mL) and water 
(6 mL) at 0°C (internal tenq>eratiire) was added solid NaBHi (766 mg, 20 mmoQ in several 
portions over a period of 15 nun while maintaining the internal temperature below 5°C. The 
mixture was stirred for 1.5 hrs at 0**C and solvent was removed und^ reduced pressure. The 
mixture was quenched with saturated KHSO3 and extracted with EtOAc. The organic phase 
was washed with waster and brine, and dried overMgS04. Concentration gave a solid, which 
was recrystalized from EtOAc/hexane (1/1) to afford the chloroalcohol 22 (1.72 g). 

Example 23 

Conq>ound 23: To a suspension of chloroalcohol 22 (1.8 g, 5.2 mmol) in EtOH (50 mL) was 
added a solution of KOH in ethanol (8.8 mL, 0.71 N, 6.2 mmol). The mixture was stirred for 
2 h at room tenq[>erature and ethanol was removed under reduced pressure. The reaction 
mixture was diluted with EtOAc, and washed with water (2x), saturated NH4CI (2x), water, 
and brine, and dried over MgS04. Concentration und^ reduced pressure afforded epoxide 23 
(1.57g) as a white crystalline solid. 

Example 24 

Conopound 24: To a solution of epoxide 23 (20 g, 65 mmol) in 2-propanol (250 mL) was 
added isobutylamine (65. mL) and the solution was refluxed for 90 min. The reaction mixture 
was concentrated under reduced pressure and was coevaporated with MeOH, CH3CN, and 
CH2Q1 to give a white solid. To a solution of the white solid in CH2CI2 (300 mL) at 0°C was 
added triethylamine (19 mL, 136 mmol), followed by the addition of 4- 
methoxybenzenesulfonyl chloride (14.1 g, 65 mmol) in CH2CI2 (50 mL). The reaction 
mixture was stirred at O^'C for 30 min, and warmed to room tenmerature and stirred for 
additional 2 hrs. The reaction solution was concentrated under reduced pressure and was 
diluted with EtOAc. The organic phase was washed with saturated NaHCQa, water and 
brine, and dried over MgS04. Concentration under reduced pressure gave confound 24 as a 
white solid (37.5 g). 

Example 25 

Compound 25: To a sohition of compound 24 (37.5 g, 68 mmol) in CH2CI2 (100 mL) at O^C 
was added a solution of tribromoborane in CH2Cb (340 mL, 1.0 N, 340 mmol). The reaction 
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mixture was kept at 0°C for 1 hr, and warmed to room temperatore and stirred for additional 
3 hrs. The mixture was cooled to O^C, and methanol (200 mL) was added slowly. The 
mixture was stirred for 1 hr and solvents were removed xrnder reduced pressure to give a 
hrown oil. The brown oil was coevaporated with EtOAc and toluene to afford coiHK)und 25 
as a brown solid, which was dried und^ vacuum for 48 hrs. 



Example 26 

Compound 26: To a solution of compound 25 in THF (80 mL) was added a saturated sodium 
bicarbonate solution (25 mL), followed by a solution of Boc20 (982 mg, 4.5 umoT) in THF 
(20 mL). The reaction mixture was stirred for 5 hrs. THF was removed undCT reduced 
pressure, and aqueous phase was extracted with EtOAc. The organic phase was washed with 
water (2x) and Brine (Ix). and dried over MgS04. Purification by flash column 
chromatography (hexanes/EtOAc = 1/1) gave con5)ound 26 (467 mg). 



Example 27 

Compound 27: To a solution of con5)ound 26 (300 mg, 0.56 mmol) in THF (6 mL) was 
added CS2CO3 (546 mg, 1.68 mmol), foHowed by a solution of triflate (420 mg, 1.39 mmol) 
in THF (2 mL). The reaction mixture was stirred for 1.5 hrs. The mixture was dihited witii 
EtOAc, and washed with water (3x) and brine (Ix), and dried over MgS04. Purification by 
flash column chromatography (hexanesi^tOAc = 1/1 to 1/3) gave confound 27 (300 mg). 



Example 28 

Compound 28: To a solution of compound 27 (300 mg, 0.38 mmoj^ in CH2a2 (2 mL) was 
added liifluoroacetic acid (2 mL). The mixture was stirred for 2.5 hrs, and was concentrated 
under reduced pressure. The mixture was diluted wiUi EtOAc and was washed witfi 0.5 N 
NaOH sohition (3x), water (2x), and brine (Ix), and dried over MgS04. Concentration gave a 
white solid. To the sohition of above white solid in acetonitrile (3 mL) at 0°C was added 
DMAP (93 mg, 0.76 mmol), followed by bisfurancarbonate (112 mg, 0.38 mmol). The 
mixture was stirred for 3 hrs at 0°C, and diluted with EtOAc. The organic phase was washed 
with 0.5 N NaOH sohition (2x), water (2x), and brine (Ix), and dried over MgS04. 
Purification by flash cohimn chromotography (CHzCla/MeOH = 100/3 to 100/5) afford 
compound 28 (230 mg): *H NMR (CDQs) 5 8.16 (2 H, d, J = 8.5 Hz), 7.73 (2 H, d, J = 9.2 
Hz), 7.42 (2 H, d, J = 8.5 Hz), 7.10 (2 H, d, J = 9.2 Hz), 5.65 (1 H,d, J = 4.8 Hz), 5.0 (2 H, 
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m), 4.34 (2 H, d, J = 10 Hz), 4.25 (4 H, m). 4.0-3.6 (6 H, m), 3.2-2.8 (7 H, m), L82 (1 H, m), 
L6 (2 H, m), 1.39 (6 H, t, J = 7.0 Hz), 0.95 (6 H, m). 

RxaTTiple 29 

Compound 29: To a solution of con^Kjund 28 (50 mg) in ethanol (5 mL) was added 10% Pd- 
C(20mg). The mixture was hydrogenated for 5 hrs. Celite was added, and the mixture was 
stirred for 5 mins. Thereactionmixture was ffltered through a pad of celite. Concentration 
under reduced laressure gave con5)ound 29 (50 mg): ^H NMR (CDCI3) 5 7.72 (2 H, d, J = 8.8 
Hz), 7.07 (2 H, 2 H, d, J = 8.8 Hz), 7.00 (2 H, d, J = 8.5 Hz), 6.61 (2 H, d, J = 8.5 Hz), 5.67 (1 

H, d, J = 5.2 Hz), 5.05 (1 H, m), 4.90 (1 H, m), 4.34 (2 H, d, J = 10.3 Hz), 4.26 (2 H, m), 4.0- 
3.7 (6 H, m), 3.17 (1 H, m), 2.95 (4 H, m), 2.75 (2 H, m), 1.82 (1 H, m), 1.65 (2 H, m), 1.39 
(6 H, t, J = 7.0 Hz), 0.93 (3 h, d, J = 6.4 Hz), 0.87 (3 h, d, J = 6.4 Hz). 

Example 30 

Compound 30: To a solution of con5)Ound 29 (50 nag, 0.07 mmol) and formaldehyde (52 jiL, 
37%, 0.7 mmol) in methanol (1 mL) was added acetic acid (40 mJU 0.7 mmol). The mixture 
was stirred for 5 mins, and sodium cyanoborohydride (44 mg, 0.7 mmo][) was added. The 
mixture was stirred for 14 hrs, and methanol was removed und^ reduced pressure. Water 
was added, and was extracted with EtOAc. The organic phase was washed 0.5 N NaOH 
sohition (Ix), water (2x), and brine (Ix), and was dried over MgS04. Purification by flash 
column chromatography (CH2Cl2/MeOH = 100/3) gave compound 30 (40 mg): ^H NMR 
(CDCI3) 8 7.73 (2 H, d, J = 8.9 Hz), 7.10 (4 H, m), 6.66 (2 H, d, J = 8.2 Hz), 5.66 (1 H, d, J = 
5.2 Hz), 5.02 (1 H, m), 4.88 (1 H, m), 4.32 (2 H, d, J 10.1 Hz), 4.26 (4 H, m), 3.98 (1 H, 
m), 3.85 (3 H, m), 3.75 (2 H, m), 3.19 (1 H, m), 2.98 (4 H, m), 2.93 (6 H, s), 2.80 (2 H, m), 

I. 82 (1 H, na), 1.62 (2 H, m), 1.39 (6 H, t, J = 7.0 Hz), 0.90 (6 H, m). 

Example 31 

Con5)ound 31: To a suspension of compound 25 (2.55 g, 5 manol) in CH2CI2 (20 mL) at O^'C 
was added triehtylamine (2.8 mL, 20 mmol), followed by TMSQ (1.26 mL, 10 mmn l) The 
mixture was stirred at O^C for 30 mins, and warmed to 25**C and stirred for additional 1 hr. 
Concentration gave a yellow solid. The yellow solid was dissolved in acetonitrile (30 mL) 
and cooled to O^C. To this sohition was added DMAP (1.22 g, 10 mmol) and 
Bisfiurancarbonate (1.48 g, 5 mmol). Tlie reaction mixture was stirred at 0°C for 2 hrs and for 
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additional 1 hr at 25°C Acetonitiile was removed under reduced pressure. The mixture was 
diluted with EtOAc, and washed with 5% citric acid (2x), wat^ (2x), and farine (Ix), and 
dried over MgS04. Concentration gave a yellow solid. The yellow soUd was dissolved in 
THF (40 mL), and acetic acid (1.3 mL, 20 mmol) and tetrabutylanmoonium fluoride (SmL, 
5 1.0 N, Smmol) were added. The mixture was stirred for 20 mins, and THF was removed 
under reduced pressure. Purification by flash colunon chromatography (hexenes/EtOAc = 
1/1) gave conipound 31 (1.5 g). 

10 Conapound 32: To a solution of compound 3 1 (3.04 g, 5. 1 mmol) in THF (75 mL) was added 
CS2CO3 (3.31 g, 10.2 mmol), foHowed by a solution of triflate (3.24 g, 7.65 mmol) in THF (2 
mL). The reaction mixture was stitred fox 1.5 hrs, and THF was removed under reduced 
pressure. The mixture was diluted with EtOAc, and washed with water (3x) and biine (Ix), 
and dried oyer MgS04. Purification by flash column cbromatography (hexanes^tOAc = 1/1 
15 to 1/3) gave con^jound 32 (2.4 g): 'HlSIMR(CDC]3)5 8.17(2H,d,i = 8.5Hz),7.70(2H, J 
= 9.2 Hz), 7.43 (2 H, d, J = 8.5 Hz), 7.37 (10 H, m), 6.99 (2 H, d, J =9.2 Hz), 5.66 (1 H, d, J = 
5.2 Hz), 5.15 (4 H, m), 5.05 (2 H, m), 4.26 (2 H, d, J = 10.2 Hz), 3.9-3.8 (4 H, m), 3.75 (2 H, 
m), 3.2-2.8 (7 H, m), 1.82 (1 H, m), 1.62 (2 H, m), 0.92 (6 H, m). 

RTtamplp. 33 

Compound 33: To a solution of compound 32 (45 mg) in acetic acid (3 mL) was added zinc 
(200 mg). Ihe mixture was stirred for 5 hrs. Celite was added, and the mixture was filtered 
and washed with EtOAc. The solution was concentrated to dryness and diluted with EtOAc. 
The organic phase was washed with 0.5 N NaOH solution, water, and brine, and dried over 
MgS04. Purification by flash column chromatography (CH2Cl2/isopioanoI = 100/5) gave 
con5)ound 33 (25 mg): 'H NMR (CDCls) 6 7.67 (2 H, d, J = 8.8 Hz), 7.36 (10 H, m), 6.98 (4 
H, m), 6.60 (2 H, d, J = 8.0 Hz), 5.67 (1 H, d, J = 4.9 Hz), 5.12 (4 H, m), 5.05 (1 H, m), 4.90 
(1 H, m), 4.24 (2 H, d, J = 10.4 Hz), 4.0-3.6 (6 H, m), 3.12 (1 H, m), 3.95 (4 H. m), 2.75 (2 H. 
m), 1.80 (1 H, m), 1.2 (2 H, m), 0.9 (6 H. m). 

Hxam plp. •^4 

Corq>ound 34: To a solution of compound 32 (2.4 g) in ethanol (140 mL) was added 10% 
Pd-C (1.0 g). The mixture was hydrogenated for 14 hrs. Celite was added, and the mixture 
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was stirred for 5 mins. The shnry was filtered through a pad of celite, and washed with 
pyridine. Concentration under reduced pressure gave conqiound 34: NMR (DMSO-d6) 6 
7.67 (2 H, d, J = 8.9 Hz), 7. 14 (2 H, d, J = 8.9 Hz), 6.83 (2 H, d, J = 8.0 Hz), 6.41 (2 H, d, J = 
8.0 Hz), 5.51 (1 H, d, J = 5.2 Hz), 5.0-4.8 (2 H, m), 4.15 (2 H, d, J = 10.0 Hz), 3.9-3.2 (8 H, 
m), 3.0 (2 H, m), 2.8 (4 H, m), 2.25 (1 H, m), 1.4 (2 H, m), 0.8 (6 H, m). 

Con?K)und 35: Compound 34 (1.62 g, 2.47 mmoD and L-alanine butyl ester hydrochloride 
(2.69 g, 14.8 nmool) were coevaporated with pyridine (2x). The mixture was dissolved in 
pyridine (12 mL) and diisopropylethylamine (2.6 niL, 14.8 mmol) was added. To above 
mixture was added a sohition of Aldrithiol (3.29 g, 14.8 mmol) and triphenylphosphine (3.88 
g; 14.8 g) in pyridine (12 mL). The reaction mixture was stirred for 20 hrs, and solvents were 
evaporated under reduced pressure. The mixture was diluted with ethyl acetate, and was 
washed with 0.5 N NaOH solution (2x), water (2x), and brine, and dried over MgS04. 
Concentration under reduced pressure gave a yellow oil, which was purified by flash cohimn 
chromatography (CH2a2«VleOH = 100/5 tolOO/15) to afford con?)Ound 35 (1.17 g); ^H 
NMR (CDCI3) 5 7.70 (2 H, d, J = 8.6 Hz), 7.05 (2 H. d, J =8.6 Hz), 6.99 (2 H, d, J = 8.0 Hz). 
6.61 (2 H, d, J = 8.0 Hz), 5.67 (1 H, d, J = 5.2 Hz), 5.05 (1 H, m), 4.96 (1 H, m), 4.28 (2 H, 
m), 4.10 (6 H, m), 4.0-3.6 (6 H, m), 3.12 (2 H, m), 2.92 (3 H, m), 2.72 (2 H, m), 1.82 (1 H, 
m), 1.75-1.65 (2 H, m), 1.60 (4 H, m), 1.43 (6 H, m), 1.35 (4 H, m), 0.91 (12 H, m). 

Example 36 

Con5)ound 37: Conq)ound 36 (100 mg, 0.15 mmol) and L-alanine butyl ester hydrochloride 
(109 mg, 0.60 mmoO were coevaporated with pyridine (2x). The mixture was dissolved in 
pyridine (1 mL) and diisopropylethylamine (1.05 pL, 0.6 mmol) was added. To above 
mixture was added a sohition of Aldrithiol (100 mg, 0.45 mmol) and triphenylphosphine (118 
mg, 0.45 mmol) in pyridine (1 mL). The reaction mixture was stirred for 20 hrs, and solvents 
were ev^orated und^ reduced pressure. The mixture was diluted with ethyl acetate, and 
was washed with wata: (2x), and brine, and dried over MgS04. Concentration und^ reduced 
pressure gave an oil, which was purified by flash column chromatography (CH2Cl2/MeOH = 
100/5 tolOO/15) to afford compound 37 (21 mg): *H NMR (CDQs) 5 7.71 (2 H, d, J = 8.8 
Hz), 7.15 (2 H, d, J = 8.2 Hz), 7.01 (2 H, d, J = 8.8 Hz), 6.87 (2 H, d, J = 8.2 Hz), 5.66 (1 H, 
d, J = 5.2 Hz), 5.03 (1 H, m), 4.95 (1 H, m),4.2-4.0 (8 H, m), 3.98 (1 H, m), 3.89 (3 H, s), 
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3.88-3.65 (5 H, m), 3.15 (1 H, m), 2.98 (4 H, m), 2.82 (2 H, m), 1.83 (1 H, m), 1.63 (4 H, m), 
1.42 (6 H, m), 1.35 (4 H, m), 0.95 (12 H, m). 

Example 37 

5 Conqioimd 38: Compound 36 (100 mg, 0.15 nmiol) and L-leucine ethyl ester hydrochloride 
(117 mg, 0.60 mmol) wane coevaporated with pyridiae (2x). The mixture was dissolved in 
pyridine (1 mL) and diisopropylethylamine (105 pJL, 0.6 mmol) was added. To above 
mixture was added a solution of Aldrithiol (100 mg, 0.45 mmol) and tdphenylphosphine (118 
mg, 0.45 mmol) in pyridine (1 mL). The reaction mixture was stirred for 20 hrs, and solvents 

10 were ev^)orated under reduced pressure. The mixture was diluted with ethyl acetate, and 

was washed with water (2x), and brine, and dried over MgS04. Concentration under reduced 
pressure gave an oil, which was purified by flash column chromatography (CH2Cl2/lV[eOH = 
100/5 tolOO/15) to afford compound 38 (12 mg): NMR (CDQa) 5 7.72 (2 H, d, J = 8.5 
Hz), 7.14 (2 H, d, J = 8.0 Hz), 7.00 (2 H, d, J = 8.5 Hz), 6.86 (2 H, d, J = 8.0 Hz), 5.66 (1 H, 

15 d, J = 5.2 Hz), 5.05 (1 H, m), 4.95 (1 H, m), 4.2-4.0 (8 H, m), 4.0-3.68 (6 H, m), 3.88 (3 H, s), 
3.2-2.9 (5 H, m), 2.80 (2 H, m), 1.80 (1 H. m), 1,65 (4 H, m), 1.65-1.50 (4 H, m), 1.24 (6 H, 
m), 0.94 (18 H, m). 

RTat tple 38 

20 Conq>ound 39: Compound 36 (100 mg, 0.15 mmol) and L-leucine butyl ester hydrochloride 
(117 mg, 0.60 mmol) were coevaporated with pyridine (2x). The mixture was dissolved in 
pyridine (1 mL) and diisopropylethylamine (105 {iL, 0.6 mmol) was added. To above 
mixture was added a solution of Aldrithiol (100 mg, 0.45 mmol) and trq)henylphosphine (118 
mg, 0.45 mmol) in pyridine (1 mL). The reaction mixture was stirred for 20 hrs, and solvents 

25 were ev^>orated under reduced pressure. The mixture was diluted with ethyl acetate, and 

was washed with water (2x), and brine, and dried over MgS04. Concentration und^ reduced 
pressure gave an oil, which was purified by flash column chromatography (CH2Cl2/MeOH = 
100/5 to 100/15) to afford compound 39 (32 mg): 'H NMR (CDCk) 5 7.72 (2 H, d, J = 8.8 
Hz), 7.15 (2 H, d, J = 8.0 Hz), 7.0 (2 H, d, J = 8.8 Hz). 6.89 (2 H, d, J = 8.0 Hz), 5.66 (1 H, d, 

30 J =r 4.3 Hz), 5.07 (1 H, m), 4.94 (1 H, m), 4.2-4.0 (8 H, m), 3.89 (3 H, s), 4.0-3.6 (6 H, m), 
3.2-2.9 (5 H, m), 2.8 (2 H, m), 1.81 (1 H, m), 1.78-1.44 (10 H, m), 1.35 (4 H, m), 0.95 (24 H, 
m). 
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Example 39 

Confound 41: Coi^pound 40 (82 mg, 0.1 nunol) and L-alanine isopropyl ester 
bydrochloride (92 mg, 0.53 mmol) were coevaporated with pyridine (2x).* The mixtuie was 
dissolved in pyridine (1 mL) and diisopropylethylamine (136 pL, 0.78 nimol) was added* To 
5 above mixture was added a solution of Aldrithiol (72 nag, 0.33 mmol) and trq)henylphosphine 
(87 mg, 0.33 mmol) in pyridine (1 mL). The reaction mixture was stirred at 75X for 20 hrs, 
and solvents were evaporated under reduced pressure. The mixture was diluted with ethyl 
acetate, and was washed with water (2x), and brine, and dried over MgS04. Concentration 
under reduced pressure gave an oil, which was purified by flash column chromatography 

10 (CH2CWMeOH = 100/1 tolOO/3) to afford conq)ound 41 (19 mg): NMR (CDCh) 8 7.71 
(2 H, d, J = 8.9 Hz), 7.2-7.35 (5 H, m), 7.15 (2 H, m). 7.01 (2 H, d, J = 8.9 Hz), 6.87 (2 H, m), 
5.65 (1 H, d, J = 5.4 Hz), 5.05-4.93 (2 H, m), 4.3 (2 H, m), 4.19 (1 H, m), 3.98 (1 H, m), 3.88 
(3 H, s), 3.80 (2 H, m), 3.70 (3 H, m), 3.18 (1 H, m), 2.95 (4 H, m), 2.78 (2 H, m), 1.82 (1 H, 
m), 1.62 (2 H, m), 1.35 (3 H, m), 1.25-1.17 (6 H, m), 0.93 (3 H, d, J = 6.4 Hz), 0.88 (3 H, d, J 

15 = 6.4 Hz). 

Exam ple 40 

Con5)ound 42: Compound 40 (100 mg, 0.13 mmol) and L-glycine butyl ester hydrochloride 
(88 mg, 0.53 mmol) were coevaporated with pyridine (2x). The noixture was dissolved in 

20 pyridine (1 mL) and diisopropylethylamine (136 (iL, 0.78 mmol) was added. To above 

mixture was added a solution of Aldrithiol (72 mg, 0.33 mmol) and triphenylphosphine (87 
mg, 0.33 mmol) in p3nidine (1 mL). The reaction mixture was stirred at 75°C for 20 hrs, and 
solvents were evaporated imder reduced pressure. The mixture was diluted with ethyl 
acetate, and was washed with water (2x), and brine, and dried over MgS04. Concentration 

25 under reduced pressure gave an oil, which was purified by flash cohunn chromatography 

(CH2a2/MeOH = 100/1 tolOO/3) to afford compound 42 (18 mg): NMR (CDCh) 6 7.71 
(2 H, d, J = 9.2 Hz), 7.35-7.24 (5 H, m), 7.14 (2 H, m), 7.00 (2 H, d, J = 8.8 Hz), 6.87 (2 H, 
m), 5.65 (1 H, d, J = 5.2 Hz), 5.04 (1 H, m), 4.92 (1 H, m), 4.36 (2 H, m), 4.08 (2 H, m), 3.95 
(3 H, m), 3.88 (3 H, s), 3.80 (2 H, m), 3.76 (3 H, m), 3,54 (1 H, m), 3.15 (1 H, m), 2.97 (4 H, 

30 m), 2.80 (2 H, m), 1.82 (1 H, m), 1.62 (4 H, m), 1.35 (2 H, m), 0.9 (9 H, m). 
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Example Section H 
Example 1 

Sulfonamide 1: To a suspension of epoxide (20 g, 54,13 nunol) in 2-propanol (250 mL) was 
5 added isobutylamine (54 mL, 541 nunol) and the solution was refhixed for 30 min- The 
solution was evaporated under reduced pressure and the crude solid was dissolved in CH2CI2 
(250 mL) and cooled to 0**C Triethylamine (15.1 mL, 108.26 mmol) was added followed by 
the addition of 4-nitrobenzene5ulfonyl chloride (12 g, 54.13 mmol) and the solution was 
stirred for 40 min at O'^C, warmed to room tenq^erature for 2 h, and evaporated und^ reduced 
10 pressure. The residue was partitioned between EtOAc and saturated NaHCOj. The organic 
phase was washed with saturated NaCl, dried with Na2S04, filtered, and evaporated und^ 
reduced pressure. The crude product was recrystallized from EtOAc/hexane to give the 
sulfonamide (30.59 g, 90%) as an off-white solid. 

15 Example 2 

M. 

Phenol 2: A solution of sulfonamide 1 (15.58 g, 24.82 mmol) in EtOH (450 mL) and CHzCfc 
(60 mL) was treated with 10% Pd/C (6 g). The suspension was stirred under H2 atmosphere 
(balloon) at room tenoperature for 24 h. The reaction mixture was filtered through a plug of 
celite and concentrated under reduced pressure. The crude product was purified by column 
20 chromatography on silica gel (6% MeOH/CH2Cl2) to give the phenol (1 1 .34 g, 90%) as a 
white solid. 

Example 3 

Dibenzylphosphonate 3: To a solution of phenol 2 (18.25 g, 35.95 mmol) in CH3CN (200 
25 mL) was added CS2CO3 (23.43 g, 71.90 nraiol) and triflate (19.83 g, 46.74 mmol). The 
reaction mixture was stirred at room ten5)erature for 1 h and the solvent was evaporated 
under reduced pressure. The residue was partitioned between EtOAc and saturated NaCL 
The organic phase was dried with Na2S04, filtered, and evaporated under reduced pressure. 
The crude product was purified by column chromatography on silica gel (2/1-EtOAc/hexane) 
30 to give the dibenzylphosphonate (16.87 g, 60%) as a white soHd. 

Example 4 
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Amine 4: A solution of dibenzylphosphonate (16.87 g, 21.56 mmol) in CH2Ci2 (60 mL) at 
O^'C was treated with trifluoroacetic acid (30 mL). The solutk)n was stiired for 30 min at O^C 
and then wanned to room temperature for an additional 30 min. Volatiles were evirated 
under reduced pressure and the residue was partitioned between EtOAc and 0.5 N NaOH. 
The organic phase was washed with 0.5 N NaOH (2x), water (2x), saturated Nad, dried with 
Na2S04, filtered, and evaporated under reduced pressure to give the amine (12.94 g, 88%) as 
a white solid. 

Example 5 

Carbonate 5: To a solution of (S)-(+)-3-hydroxytetrahydrofuran (5.00 g, 56.75 mmol) in 
CH2CI2 (80 mL) was added triethylamine (11.86 mL, 85.12 mmol) and bis(4- 
nitrophenyl)carbonate (25.90 g, 85.12 mmol). The reaction mixture was stiired at room 
tenq)erature for 24 h and partitioned between CH2CI2 and saturated NaHCOa. The CH2C32 
layer was dried with Na2S04, filtered, and concentrated. The crude product was purified by 
column chromatography on silica gel (2/1-EtOAc/hexane) to give the carbonate (8.62 g, 
60%) as a pale yellow oil which soUdified upon refiigerating. 

Example 6 

Carbamate 6: Two methods have been used. 

Method 1: To a solution of 4 (6.8 g, 9.97 mmol) and 5 (2.65 g, 10.47 mmol) in CH3CN (70 
mL) at 0 ^C was added 4-(dimethylamino)pyridine (2.44 g, 19.95 mmol). The reaction 
mixture was stirred at O'^C for 3 h and concentrated. The residue was dissolved in EtOAc and 
washed with 0.5 N NaOH, saturated NaHCOs, H2O, dried with Na2S04, filtered, and 
concentrated. The crude pipduct was purified by column chromatography on silica gel (3% 
2-propanol/CH2Cl2) to give the carbamate (3.97 g, 50%) as a pale yellow sohd. 

Method 2: To a sohition of 4 (6.0 g, 8.80 mmol) and 5 (2.34 g, 9.24 mmol) in CH3CN (60 
rrL) at O'^C was added 4-(dimethylamino)pyridine (0.22 g, 1.76 mmol) and N, N- 
diisopropylethylamine (3.07 mL, 17.60 mmol). The reaction mixture was stnred at O'^C for 1 
h and warmed to room temperature overnight. The solvent was evaporated under reduced 
pressure. The crude product was dissolved iu EtOAc and washed with 0.5 N NaOH, 
saturated NaHCQa, H2O, dried with Na2S04, filtered, and concentrated. The crude product 

m 
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was purified by column chromatography on sDica gel (3% 2-propanol/CH2Cl2) to give the 
carbamate (3.85 g, 55%) as a pale yellow soliA 



Phosphonic Acid 7: To a sohitioo of 6 (7.52 g, 9.45 mmol) in MeOH (350 mL) was added 
10% Pd/C (3 g). The suspension was stirred und« H2 atmosphere (balloon) at room 
ten5)erature for 48 h. The reaction mixture was filtered through a phig of celite. Thefiltiate 
was concentrated and dried under vacuum to give the phosphonic acid (5.24 g, 90%) as a 
white solid. 



Example 8 

Cbz Amide 8: To a solution of 7 (5.23 g, 8.50 mmol) in CH3CN (50 mL) was added N, O- 
bis(trimethylsilyl)acetamide (16.54 mL, 68 mmoO and then heated to 70'*C for 3 h. The 
reaction mixture was cooled to room temperature and concentrated. The residue was co- 
ev^orated with toluene and dried under vacuum to afford the silylated intermediate which 
was used directly without any further purification. To a sohition of the silylated intennediate 
in CH2CI2 (40 mL) at 0°C was added pyridine (1.72 mL, 21.25 mmol) and benzyl 
chloroformate (1.33 mL, 9.35 mmol). The reaction mixture was stirred at 0°C for 1 h and 
warmed to room temperature overnight. A sohition of MeOH (50 mL) and 1% aqueous HQ 
(150 mL) was added at 0°C and stirred for 30 min. CH2CI2 was added and two layers were 
separated. The organic layer was dried with NajSO*, filtered, concentrated, co-evaporated 
with tohiene, and dried under vacuum to give tiie Cbz amide (4.46 g, 70%) as an off-white 
solid. 



Examplp. O 

Diphenylphosphonate 9: A sohition of 8 (4.454 g. 5.94 mmol) and phenol (5.591 g, 59.4 
mmol) m pyridine (40 mL) was heated to 70°C and 1,3-dicyclohexylcarbodiimide (4.903 g. 
23.76 mmol) was added. The reaction mixture was stirred at 70°C for 4 h and cooled to room 
tenqjCTature. EtOAc was added and the side product 1,3-dicyclohexyl urea was filtered off. 
The filtrate was concentrated and dissolved in CH3CN (20 mL) at 0°C. The mixture was 
treated with DOWEX 50W x 8-400 ion-exchange resin and stirred for 30 min at 0°C. The 
resin was filtored off and the filtrate was concentrated. The crude product was purified by 
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cohumi chromatography on silica gel (4% 2-propanol/CH2Cl2) to give the 
dq)heiiylphosphoiiate (2.947 g, 55%) as a white solid. 

Example 10 

Monophosphonic Acid 10: To a solution of 9 (2.945 g, 3.27 nrniol) in CH3CN (25 mL) at 
O^'C was added IN NaOH (8.2 mL, 8,2 xmnoJ). The reaction mixture was stirred at Cf*C for 1 
h. DOWEX SOW X 8-400 ion-exchange resin was added and the reaction mixture was stirred 
for 30 min at O'^C. The resin was filtered off and the filtrate was concentrated and co- 
evqporated with toluene. The crude product was triturated with EtOAc/hexane (1/2) to give 
the monophosphonic acid (2.427 g, 90%) as a white soHd. 

Example 1 1 

Cbz Protected Monophosphoamidate 1 1: A solution of 10 (2.421 g, 2.93 mmol) and L- 
alanine isopropyl ester hydrochloride (1.969 g, 11.73 mmol) in pyridine (20 mL) was heated 
to 70^C and 1,3-dicyclohexylcarbodiiinide (3.629 g, 17.58 mmol) was added. The reaction 
mixture was stirred at 70**C for 2 h and cooled to room temperature. The solvent was 
evaporated under reduced pressure and the residue was partitioned between EtOAc and 0.2 N 
HQ. The EtOAc layer was washed with 0.2 N HO, H2O, saturated NaHCQs. dried with 
Na2S04, filtered, and concentrated. The crude product was purified by column 
chromatography on silica gel (4% 2-propanol/CH2a2) to give the monoamidate (1.569 g, 
57%) as a white solid. 

Example 12 

Monophosphoamidatel2: To a solution of 1 1 (1.569 g, 1.67 nmiol) in EtOAc (80 mL) was 
added 10% Pd/C (0.47 g). The suspension was stirred under H2 atmosphere (balloon) at room 
teinperature overnight. The reaction mixture was filtered through a plug of celite. The 
filtrate was concentrated and the crude product was purified by column chromatography on 
silica gel (CH2Cfe to 1-8% 2-propanol/CH2Cb) to give the monophosphoamidate 12a (1.12 g, 
83%, GS 108577, 1:1 diastereomeric mixture A/B) as a white solid: NMR (CDOs) 8 7.45 
(dd, 2H), 7.41-7.17 (ni, 7H), 6.88 (dd, 2H), 6.67 (d, J = 8.4 Hz, 2H), 5.16 (broad s, IH), 4.95 
(m, IH), 4.37-4.22 (m, 5H), 3.82-3.67 (m, 7H), 2.99-2.70 (m, 6H), 2.11-1.69 (m, 3H), 1.38 
(m, 3H), 1.19 (m, 6H), 0.92 (d, J = 6.3 Hz, 3H), 0.86 (d, J = 6.3 Hz, 3H); ^^P NMR (CDCk) 8 
20.5, 19.6. 12b (29 mg, 2%, GS108578, diastereomer A) as a white soKd: ^H NMR (CDaa) 

-1313- 



wo 03/090690 PCT/US03/12901 

5 7.43 (d, J = 7.8 Hz, 2H), 7.35-7.17 (m, 7H), 6.89 (d, J = 8.4 Hz, 2H), 6.67 (d, J = 8.4 Hz, 
2H), 5.16 (hroad s, IH), 4.96 (m, IH), 4.38-4.32 (m, 4H), 4.20 (ib, 1H), 3.82-3.69 (m, 7H), 
2.99-2.61 (m, 6H), 2.10 (m, IH), 1.98 (m, IH), 1.80 (m, IH), 1.38 (d, J = 7.2 Hz, 3H), 1.20 
(d, J = 6.3 Hz, 6H), 0.92 (d, J = 6.3 Hz, 3H), 0.86 (d, J = 6.3 Hz, 3H); ^^P NMR (CDQs) S 
20.5. 12c (22 mg, 1.6%, GS 108579, diastereomer B) as a white soUd : ^H NMR (CDQa) 
8 7.45 (d, J = 8.1 Hz, 2H), 7.36^7.20 (m, 7H), 6.87 (d, J = 8.7 Hz, 2H), 6.67 (d, J = 8.4 Hz, 
2H), 5.15 (broad s, IH), 4.95 (m, IH), 4.34-4.22 (la, 5H), 3.83-3.67 (m, 7H), 2.99-2.64 (m, 
6H), ZU-1.68 (m, 3H), 1.33 (d, J = 6.9 Hz, 3H), 1.20 (d, J = 6.0 Hz, 6H), 0.92 (d, J = 6.3 Hz, 
3H), 0.86 (d, J = 6.3 Hz, 3H); ^^P NMR (CDQa) 5 19.6. 

Example 13 

Sulfonamide 13: To a suspension of epoxide (1.67 g, 4.52 mmol) in 2-propanol (25 mL) was 
added isobutylaniine (4.5 mL, 45.2 mmol) and the sohition was refluxed for 30 min. The 
solution was evaporated under reduced pressure and the crude solid was dissolved in CH2a2 
(20 mL) and cooled to 0°C. Triethylamine (1.26 mL, 9.04 mmol) was added followed by the 
treatment of 3-nitrobenzenesulfonyl chloride (1.00 g, 4.52 nomol). The solution was stirred 
for 40 min at 0°C, warmed to room ten5)erature for 2 h, and evaporated under reduced 
pressure. The residue was partitioned between EtOAc and saturated NaHCQs. The organic 
phase was washed with saturated NaCl, dried with N^S04, fatered, and evaporated under 
reduced pressure. The crude product was purified by column chromatography on silica gel 
(1/1-EtOAc/hexane) to give the sulfonamide (1.99 g, 70%) as a white solid. 

Exanyle 14 

Phenol 14: Sulfonamide 13 (1.50 g, 2.39 nwaol) was suspended in HOAc (40 mL) and 
concentrated HCl (20 naL) and heated to reflux for 3 h. The reaction mixture was cooled to 
room temperature and concentrated xmder reduced pressure. The crude product was 
partitioned between 10% MeOH/CHaCfc and saturated NaHCOs. The organic layers were 
washed with NaHCCb, H2O, dried with Na2S04, filtered, and concentrated to give a yellow 
solii The crade product was dissolved in CHCI3 (20 mL) and treated with triethylamine (0.9 
mL, 6.45 mmol) followed by the addition of B0C2O (0.61 g, 2.79 mmol). The reaction 
mixture was stirred at room ten5)CTature for 6 h. The product was partitioned between CHCI3 
and H2O. The CHCfe layer was washed with NaHCCb, H2O, dried with Na2S04, filtered, and 
concentrated. The crude product was purified by column chromatography on silica gel (1-5% 
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MeOWCHzCkd to give the phenol (0.52 g, 45%) as a pale yellow solid. 
Exanyle IS 

Dibenzylphosphonate 15: To a sohition of phenol 14 (0.51 g, 095 mmol) in CH3CN (8 mL) 
was added CS2CO3 (0.77 g, Z37 mmol) and triflate (0.8 g, 1.90 mmol). The reaction mixture 
was stirred at room temperature for 1.5 h and the solvent was evaporated under reduced 
pressure. The residue was partitioned between EtOAc and saturated NaCL The organic 
phase was dried Na2S04, filtered, and evaporated under reduced pressure. The crude product 
was purified by colunm chromatography on silica gel (3% MeOH/CHaQz) to give the 
dibenzylphosphonate (0.62 g, 80%) as a white solid. 

Example 16 

Amme 16: A solution of dibenzylphosphonate 15 (0.61 g, 0.75 mmol) in CH2CI2 (8 mL) at 
0°C was treated with trifluoroacetic acid (2 mL). The sohition was stirred for 30 min at tf*C 
and then warmed to room ten^rature for an additional 30 nwn. Volatiles were evaporated 
under reduced pressure and the residue was partitioned between EtOAc and 0.5 N NaOH. 
The organic phase was washed with 0.5 N NaOH (2x), water (2x), saturated NaCa, dried 
(Na2S04), Siteredy and evaporated undo: reduced pressure to give the amine (0.48 g, 90%) 
which was used directly without any further purification. 

Example 17 

Carbamate 17: To a sohition of amine 16 (0.48 g, 0.67 mmol) in CH3CN (8 mL) at O^'C was 
treated with (3R, 3aR, 6aS)-hexahydrofuro[2, 3-fc]ftiran-2-yl 4-nitrophenyl carbonate (0.2 g, 
0.67 Bomol, prepared according to Ghosh et aL J. Med. ChemL 1996, 59, 3278.) and 4- 
(dimethylamino)pyridine (0.17 g, 1.34 mmol). After stirring for 2 h at OPC, the reaction 
solvent was evaporated under reduced pressure and the residue was partitioned between 
EtOAc and 0.5 N NaOH. The organic phase was washed with 0.5N NaOH (2 x), 5% citric 
acid (2 x), saturated NaHCCb, dried with Na2S04, filtered, and evaporated under reduced 
pressure. The crude product was purified by column chromatography on silica gel (3% 2- 
propanol/CH2a2) to give the carbamate (0.234 g, 40%) as a white solid. 

Example 18 
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AnaQne 18: To a solution of carbamate 17 (78 mg, 0.09 mmol) in 2 mL HOAc was added 
zinc powder. The reaction mixture was stirred at room temperature for 1 .5 h and filtered 
through a small plug of celite. The filtrate was concentrated and co-evaporated with toluene. 
The crude product was purified by column chromatography on silica gel (5% 2> 
5 propanaol/CH2Q2) to give tte analine (SO mg» 66%) as a white solid. 

Examplft 1Q 

Phosphonic Acid 19: To a solution of analine (28 mg» 0.033mmol) in MeOH (1 mL) and 
HOAc (0 J mL) was added 10% Pd/C (14 mg). The suspension was stirred under H2 

10 atmosphere (balloon) at room tenq>erature for 6 h. The reaction mixture was filtered through 
a snail plug of celite. The filtrate was concentrated, co-ev^>orated with toluene, and dried 
und^ vacuum to give the phosphonic acid (15 mg, 68%, 6S 17424) as a white solid: 
NMR (DMSOde) 87.16-6.82 (m, 8H), 5.50 (d, IH), 4.84 (m, IH), 3.86-3.37 (m, 9H), Z95- 
2.40 (m, 6H), L98 (m, IH), 1.42-1.23 (m, 2H), 0.84 (d, J = 6.3 Hz, 3H), 0.79 (d, J = 6.3 

15 Hz,3H). MS (ESI) 657 (M-H). 

Example 20 

Phenol 21: A suspension of aminohydrobromide salt 20 (22.75 g, 44 mmol) in CH2CI2 (200 
mL) at 0°C was treated with triethylamine (24.6 mL, 176 nxtnol) followed by slow addition of 

20 chlorotrimethylsilane (1 1.1 niL, 88 mmol). The reaction mixture was stirred at O^C for 30 
min and warmed to room ten^>erature for 1 h. The solvent was removed under reduced 
pressure to give a yellow solid. The crude product was dissolved in CH2CI2 (300 mL) and 
treated with triethylamine (18.4 mL, 132 mmol) and B0C2O (12 g, 55 mnK>l). The reaction 
mixture was stirred at room teiiq>erature overnight. The product was partitioned between 

25 CH2Ck and H2O. The CH2C32 layer was washed with NaHCQs, H2O, dried with Na2S04, 
fitt^ed, and concentrated. The crude product was dissolved in THF (200 mL) and treated 
widi 1.0 M TBAF (102 mL, 102 mmol) and HOAc (13 mL). The reaction mixture was 
stirred at room ten[q>erature for 1 h and concentrated under reduced pressure. The residue 
was partitioned between CH2CI2 and H2O, dried with Na2S04, filtered, and concentrated. 

30 The crude product was purified by column chromatography on silica gel (1-3% 2- 
propanoI/CH2C]2) to give the phenol (13.75 g, 58%) as a white solid. 

Example 21 
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Dibenzylphosphonate 22: To a solution of phenol 21 (13.70 g, 25.48 mmol) in THF (200 
mL) was added CS2CO3 (16.61 g, 56.96 mmol) and triflate (16.22 g, 38.22 mmol). The 
reaction mixture was stirred at room ten^^erature for 1 h and the solvent was evirated 
under reduced pressure. The residue was partitioned between EtOAc and saturated NaCL 
The organic phase was dried with Na2S04, filtered, and evaporated under reduced pressure. 
The crude product was purified by column chromatogrq)hy on silica gel (3% MeOH/CH2Cfe) 
to give the dibenzylphosphonate (17.59 g, 85%) as a white solid. 



Examp le 22 

Amine 23: A sohition of dibenzylphosphonate 22 (17.58 g, 21.65 mmol) in CHaCfc (60 mL) 
at O^C was treated with trifluoroacetic acid (30 mL). The solution was stirred for 30 min at 
O'^C and then warmed to room temperature for an additional 1.5 h. Volatiles were evaporated 
under reduced pressure and the residue was partitioned between EtOAc and 0.5 N NaOH. 
The organic phase was washed with 0.5 N NaOH (2x), water (2xX saturated Nad, dried with 
Na2S04, filtered, and evaporated imder reduced pressure to give the amine (14.64 g, 95%) 
which was used directly without any further purification. 



Example 23 

Carbamate 24: To a sohition of amine 23 (14.64 g, 20.57 mmol) in CH3CN (200 mL) at O'^C 
was treated with (3R, 3aR, 6aS)-hexahydrofuro[2, 3-fc]furan-2-yl 4-nitrophenyl carbonate 
(6.07 g, 20.57 mmol, prepared according to Ghosh et al., J. Med. Chem. 1996, 39, 3278.) and 
4-(dimethylamino)pyridine (5.03 g, 41.14mmol). After stirring for 2 h at 0°C, the reaction 
solvent was evirated under reduced pressure and the residue was partitioned between 
EtOAc and 0.5 N NaOH. Thie orgamc phase was washed with 0.5N NaOH (2 x), 5% citric 
acid (2 X), saturated NaHCPs, dried with Na2S04, filtered, and evaporated und^ reduced 
pressure. The crude product was purified by column chromatography on silica gel (3% 2- 
propanoVCH2a2) to give the carbamate (10 g, 56%) as a white solid. 



Example 74. 

Phosphonic Acid 25: To a sohition of carbamate 24 (8 g, 9.22 mmol) in EtOH (500 mL was 
added 10% Pd/C (4 g). The suspension was stirred under H2 atmosphere (balloon) at room 
temperature for 30 h. The reaction nuxture was filtered through a phig of celite. Thecelite 
paste was suspended in pyridine and stirred for 30 min and filtered. This process was 
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repeated twice. The coinbined solutioa was concentrated und^ reduced pressure to give the 
phosphonic acid (5.46 g, 90%) as an off-white solid. 

Example 25 

Cbz Amide 26: To a solution of 25 (5.26 g, 7.99 mmol) in CHsCN (50 mL) was added N, O- 
bis(trnnethylsilyl)acetanude (15.6 mL, 63.92 mmol) and then heated to 70°C for 3 h. The 
reactk>n mixture was cooled to room ten5)erature and concentrated. The residue was co- 
evirated with tohiene and dried under vacuum to afford the silylated intermediate which 
was used directly without any further purification. To a solution of the silylated intermediate 
in CH2CI2 (40 mL) at (fC was added pyridine (1.49 mL, 18.38 mmol) and benzyl 
chloroformate (1.25mL, 8.79 mmol). The reaction mixture was stirred at O^^C for 1 h and 
wanned to room tenq)erature overnight. A sokition of MeOH (50 mL) and 1% aqueous HQ 
(150 mL) was added at O^C and stirred for 30 min. CH2CI2 was added and two layers were 
separated. The organic layer was dried with Na2S04, filtered, concentrated, co-evaporated 
with tohiene, and dried under vacuum to give the Cbz amide (4.43 g, 70%) as an off-white 
solid. 

Example 26 

Dq)heny]plK)sphonate 27: A solution of 26 (4.43 g, 5.59 mmol) and phenol (4.21 g, 44.72 
mmol) in pyridine (40 mL) was heated to 70*'C and 1,3-dicyclohexylcarbodiimide (4.62 g, 
22.36 mmol) was added. The reaction mixture was stirred at 70^C for 36 h and cooled to 
room temperature. EtOAc was added and the side product 1,3-dicyclohexyl urea was filtered 
off. The filtrate was concentrated and dissolved in CH3CN (20 mL) at (fC, The mixture was 
treated with DOWEX 50W x 8-400 ion-exchange resin and stirred for 30 min at O^^C The 
resin was filtered off and the fiOttrate was concentrated. The crude product was purified by 
column chromatography on silica gel (2/1-EtOAc/hexane to EtOAc) to give the 
diphenylphosphonate (2.1 1 g, 40%) as a pale yellow solid. 

Example 27 

Monophosphonic Acid 28: To a solution of 27 (2.1 1 g, 2.24 mmol) in CH3CN (15 mL) at 
O^'C was added IN NaOH (5.59 mL, 5.59 mmol). The reaction mixture was stirred at (fC for 
1 h. DOWEX 50W X 8-400 ion-exchange resin was added and the reaction mixture was 
stirred for 30 min at O^C. The resin was filtered off and the filtrate was concentrated and co- 
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evaporated with toluene. Hie crude product was triturated with EtOAc/hexane (1/2) to give 
the monophosphonic acid (1.75 g, 90%) as a white solid. 

Example 28 

Cbz Protected Monophosphoamidate 29: A sohition of 28 (1.54 g, 1.77 xawol) and L-alanine 
isopropyl ester hydrochloride (2.38 g, 14.16 mmol) in pyridine (15 mL) was heated to 70'*C 
and 13-dicyclohexylcarbodiimide (2.20 g, 10.62 mmol) was added. The reaction mixture 
was stirred at 70**C overnight and cooled to room temperature. The solvent was removed 
under reduced pressure and the residue was partitioned between EtOAc and 0.2 N HOL The 
EtOAc layer was washed with 0.2 N HO, H2O, saturated NaHCCb, dried with Na2S04, 
filtered, and concentrated. ITie crude product was purified by column chromatogr^hy on 
silica gel (3% MeOH/CHaCfe) to give the monophosphoamidate (0.70g, 40%) as an off-white 
solid. 

Example 29 

Monophosphoamidate 30a-b: To a solution of 29 (0.70 g, 0.71 mmol) in EtOH (10 mL) was 
added 10% Pd/C (0.3 g). The suspension was sthxed under H2 atmosphere (balloon) at room 
tenQ>erature for 6 h. The reaction inixture was filtered through a small plug of celite. The 
filtrate was concentrated and the crude products were purified by coluinn chromatography on 
silica gel (7-10% MeOH/CH2Cl2) to give the monpamidates 30a (0.106 g, 18%, GS 77369, 
1/1 diastereomeric mixture) as a white solid: *H NMR (CDCI3) 5 7.71 (d, J = 8.7 Hz, 2H), 
7.73-7.16 (m, 5H), 7.10-6.98 9m, 4H), 6.61 (d, J = 8.1 Hz, 2H), 5.67 (d, J = 4.8 Hz, IH), 
5.31-4.91 (m, 2H), 4.44 (m, 2H), 4.20 (m, IH), 4.00-3.61 (m, 6H), 3.18-2.74 (m, 7H), 1.86- 

1.64 (m, 3H), 1.38 (m, 3H), 1.20 (m, 6H), 0.93 (d, J = 6.6 Hz, 3H), 087 (d, J = 6.6 Hz, 3H); 
^^P NMR iCDCk) □ 19.1, 18; MS(ESI) 869 (M+Na). 30b (0200 g, 33%, GS 77425, Vl 
diastereomeric mixture) as a white soli± NMR (GDQs) 5 7.73 (dd, J = 8.7 Hz, J = 1.5 
Hz, 2H), 7.36-7.16 (m, 5H), 7.09-7.00 (m, 4H), 6.53 (d, J = 8.7 Hz, 2H), 5.66 (d, J = 5.4 Hz, 
IH), 5.06^.91 (m, 2H), 4.40 (m, 2H), 4.20 (m, IH), 4.00-3.60 (m, 6H), 3.14 (m, 3H), 3.00- 

2.65 (m, 6H), 1.86-1.60 (m, 3H), 1.35 (m, 3H), 1.20 (m, 9H), 092 (d, J = 6.6 Hz, 3H), 0.87 
(d, J = 6.6 Hz, 3H); P NMR (CDds) □ 19.0, 17.9. MS (ESI) 897 (M+Na). 

Examplft 
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10 



Synthesis of Bisamidates 32: A solution of phosphonic acid 31 (100 nig, 0.15 mmol) and Lr 
valine ethyl ester hydrochloride (108 mg, 0.60 mmol) was dissolved in pyridine (5 mL) and 
the solvent was distilled under reduced pressure at 40-60°C The residue was treated with a 
solution of PhaP (117 mg, 0.45 mmol) and 2,2'-dipyridyl disulfide (98 mg, 0.45 mmol) in 
pyridine (1 mL) followed by addition of NJ>I-diisopropylethylamine (0.1 mL, 0.60 mnx)!). 
The reaction mixture was stirred at room temperature for two days. The solvent was 
evaporated under reduced pressure and the residue was purified by column chromatography 
on silica gel to give the bisamidate (73 mg, 53%, GS 17389) as a white solid: NMR 
(CDQa) 5 7.72 (d, J = 8.7 Hz, 2H), 7.15 (d, J = 8.1 Hz, 2H), 7.00 (d, J = 8.7 Hz, 2H), 6.86 (d, 
J = 8.1 Hz, 2H), 5.66 (d, J = 4.8 Hz, IH), 5.05 (m, IH), 4:95 (d, J = 8.7 Hz, IH), 4.23-4.00 (m 
,4H,). 3.97-3.68 (m, IIH), 3.39-2.77 (m, 9H), 2.16 (m, 2H), 1.82-1.60 (m, 3H), 1.31-1.18 (m. 
6H), 1.01-0.87 (m, 18H); ^'P NMR (CDCI3) 5 21.3; MS (ESI) 950 (M+Na). 



15 



20 



Example 31 

Triflate 34: To a solution of phenol 33 (2.00 g, 3.46 mmol) in THF (15 mL) and CH2CI2 (5 
mL) was added N-phenyltrifluoromethanesulfonimide (1.40 g, 3.92 mmol) and cesium 
carbonate (1.40 g, 3.92 mmol). The reaction mixture was stirred at loom tenperature 
overnight and concentrated. The crude product was partitioned between CH2CI2 and 
saturated NaCa, dried with Na2S04. filtered, and concentrated The crude product was 
purified by column chromatography on silica gel (3% MeOH/CH2Cl2) to give the triflate 
(2.09 g, 85%) as a white solid. 



25 



30 



Examp le 32 

Aldehyde 35: To a suspension of triflate 34 (1.45 g, 2.05 mmol), palladium (II) acetate (46 
mg, 0.20 mmol) and l,3-bis(dq)henylphosphino)propane (84 mg, 0.2 mmol) in DMF (8 mL) 
under CO atmosphere (balloon) was slowly added triethylamine (1.65 mL, 11.87 mmol) and 
triethylsilane (1.90 mL, 11.87 mmol). The reaction mixture was heated to 70**C under CO 
atmosphere (baUoon) and stirred overnight. The solvent was concentrated under reduced 
pressure and partitioned betwera CHaCfc and H2O. The organic phase was dried with 
Na2S04, filtered, and concentrated. The crude product was purified by column 
chromatography on silica gel (4% 2-propanol/CH2Cl2) to give the aldehyde (0.80 g, 66%) as 
a white solid. 
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Example 33 

Substituted Benzyl Alcohol 36: To a solution of aldehyde 35 (0.80g, 1.35 mmol) in THF (9 
mL) and H2O (1 mL) at -lO^C was added NaBH4 (0.13 g, 3.39 mmol). The reaction mixture 
was stirred for 1 h at -WC and the solvent was evaporated under reduced pressure. The 
residue was dissolved in 01202 and washed with NaHS04, H2O, dried with Na2S04. filtered, 
and concentrated. The crade product was purified by column chromatography on silica gel 
(6% 2-propanoVCH2Cl2) to give the alcohol (0.56 g. 70%) as a white solid. 

Substituted Benzyl Bromide 37: To a sohition of alcohol 36 (77 mg, 0.13 mmol) in THF (1 
mL) and CH2CI2 (1 mL) at 0**C was added triethylamine ( 0.027 mL, 0.20 romol) and 
methanesulfonyl chloride (0.01 1 mU 0.14 mmo0. The reaction mixture was stirred at (fC 
for 30 mm and wanned to room temperature for 3 h. Lithium bromide (60 mg, 0.69 mmol) 
was added and stirred for 45 min. The reaction mixture was concentrated and the residue was 
partitioned between CH2a2 and H2O, dried with Na2S04, filtered, and concentrated. The 
crude product was purified by column chromatography on silica gel (2% MeOH/CH2a2) to 
give the bromide (60 mg, 70%). 

Example 35 

Diethylphosphonate 38: A solution of bromide 37 (49 mg, 0.075 mmoQ and 
triethylphosphite (0.13 mL, 0.75 mmol) in toluene (L5 mL) was heated to 120^0 and stirred 
overnight. The reaction mixture was cooled to room ten5)erature and concentrated und^ 
reduced pressure. The cmde product was purified by column chromatography on silica gel 
(6% MeOH/CH2Cfe) to give the diethy^)hosphonate (35 mg, 66%, GS 191338) as a white 
solid: NMR (CDCfe) 6 7^72 (d, J = 8.7 Hz, 2H), 7.27-7.16 (m, 4H), 7.00 (d, J = 8.7 Hz, 
2H), 5.66 (d, J = 5.1 Hz, IH), 5.00 (m, 2H), 4.04-3.73 (m, 13H), 3.13-2.80 (m, 9H), 1.82-1.64 
(m, 3H), 1.25 (t, J = 6.9 Hz, 6H), 0.92 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); ^^PNMR 
(CDCfe) □ 26.4; MS (ESI) 735 (M+Na). 

Rxamplft 36 

N-tot-Butoxycaibonyl-O-benzyl-L-serine 39: To a solution of Boc-L-serine (15 g, 73.09 
mmol) in DMF (300 mL) at O^C was added NaH (6.43 g, 160.80 mmol, 60% in mineral oil) 
and stirred for 1.5 h at 0°C. Aft^ the addition of benzyl bromide (13.75 g, 80.40 mmol), the 
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reaction mixture was wanned to room tenoqperature and stirred ovOTiight. The solvent was 
evaporated under reduced pressure and the residue was dissolved in H2O. The crude product 
was partitioned between H2O and Et20. The aqueous phase was acidified to pH<4 with 3 N 
HQ and extracted with EtOAc three times. The combined EtOAc solution was washed with 
H2O, dried with Na2S04, filtered, and concentrated to give the N-tert-butoxycarbonyl-O- 
benzyl-L-serine (17.27 g, 80%). 

Example 37 

Diazo Ketone 40; To a solution of N-tot-Butoxycarbonyl-O-benzyl-L-serine 39 (10 g, 33.86 
mmol) m dry THF (120 mL) at -IS^'C was added 4-methyhnorpholine (3.8 mL, 34.54 mmot) 
foOowed by the slow addition of isobutylchloroformate (4.40 mL, 33.86 mmol). The reaction 
mixture was stirred for 30 min and diazomethane (-50 mmol, generated from 15 g Diazald 
according to Aldrichimica Acta 1983, 16, 3) in ether (-150 mL) was poured into the mixed 
anhydride solution. The reaction was stirred for 15 min and was then placed in an ice bath at 
0°C and stirred for 1 h. The reaction was allowed to warm to room ten5)eratm:e and stirred 
overnight. The solvent was evaporated und^ reduced pressure and the residue was dissolved 
in EtOAc, washed with water, saturated NaHCOs, saturated NaCl, dried with Na2S04, filtered 
and evaporated. The crude produa was purified by column chromatography (EtOAc/hexane) 
to afford the diazo ketone (7.50 g, 69%) as a yellow oil. 

Example 38 

CMoroketone 41: To a suspension of diazoketone 40 (7.50 g, 23.48 mmol) in ether (160 mL) 
at O^'C was added 4N HQ in dioxane (5.87 mL, 23.48 mmol). The reaction mixture was 
stirred at O^C for 1 h. The reaction solvent was evaporated under reduced pressure to give the 
chloroketone which was used directly without any further purification. 

Example 39 

CMoroalcohol 42: To a solution of chloroketone 41 (7.70 g, 23.48 mmol) in THF (90 mL) 
was added water (10 mL) and the solution was cooled to C'C. A sohition of NaBH4 (2.67 g, 
70.45 mnx)]) in water (4 mL) was added dropwise over a period of 10 min The mixture was 
stirred for 1 h at O^'C and saturated KHSO4 was slowly added until the pH<4 foUowed by 
saturated Nad The organic phase was washed with saturated NaCl, dried with N^S04, 
filtered, and evaporated imder reduced pressure. The crude product was purified by column 
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chromatography on silica gel (1/4 EtOAc/bexane) to give the chloroalcohol (6.20 g, 80%) as 
a diastereomeric mixture. 

Example 40 

5 Epoxide 43 : A sohition of chloroalcohol 42 (6.20 g, 1 8.79 mmol) in EtOH (150 mL) was 
treated with 0.71 M KOH (1.27 g, 22.55 mmol) and the mixture was stirred at room 
temperature for 1 h. The reaction mixture was evaporated under reduced pressure and the 
residue was partitioned between EtO Ac and water. The organic phase was washed with 
saturated NaCl, dried with Na2S04, filtered, and evq)orated under reduced pressure. The 
10 crude product was purified by column chromatography on silica gel (1/6 EtOAc/hexane) to 
afford the desired epoxide 43 (2.79 g, 45%) and a mixture of diastereomers 44 (1.43 g, 23%), 

Exanrple 41 

Sulfonamide 45: To a suspension of ^x>xide 43 (2.79 g, 8.46 mmol) in 2-propanol (30 mL) 
15 was added isobutylamine (8.40 mL, 84.60 mmol) and the solution was refluxed for 1 h. The 
solution was evaporated under reduced pressure and the orude solid was dissolved in CH2CI2 
(40 mL) and cooled to O^'C. Triethylamine (2.36 mL, 16.92 mmol) was added followed by 
the addition of 4-methoxybenzenesulfonyl chloride (1.75 g, 8.46 mmol). The solution was 
stirred for 40 min at O'^C, warmed to room temperature, and ev^>orated under reduced 
20 pressure. The residue was partitioned between EtOAc and saturated NaHCQs* The organic 
phase was washed with saturated NaCl, dried with N£^S04, filtered, and evaporated under 
reduced pressure. The crude product was directly used without any further purification. 

Example 42 

25 Silyl Ether 46: A sohition of sulfonamide 45 (5. 10 g, 8.46 mmo^ in CH2a2 (50 mL) was 
treated with triethylamine (4.7 mL, 33.82 mmol) and TMSOTf (3.88 mL, 16.91 mmol). The 
reaction mixture was stirred at room temperature for 1 h and partitioned between CH2CI2 and 
saturated NaHCOa. The aqueous phase was extracted twice with CH2CI2 and the combined 
organic extracts were washed with saturated NaCl, dried with N^S04, filtered, and 

30 evaporated under reduced pressure. The crude product was purified by column 

chromatography on silica gel (1/6 EtOAc/hexane) to give the silyl ether (4.50 g, 84%) as a 
thick oil. 
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Examplp. 4^ 

Alcohol 47: To a solution of silyl eth» 46 (4.5 g, 7.14 mmol) in MeOH(50 mL) was added 
10% Pd/C (0.5 g). The suspension was stirred under H2 atmosirf»re (baDoon) at room 
tea5)erature for 2 h. The reaction mixture was fUtered through a plug of celite and 
5 concentrated under reduced pressure. The crude product was purified by column 

chromatography on silica gel (3% MeOH/CHzCfe) to give the alcohol (3.40 g, 85%) as a 
white sohd. 

Exaiqple44 

10 Aldehyde 48: To a solution of alcohol 47 (0.60 g, 1.07 mmol) in CHzCfe (6 mL) at (fC was 
added Dess Martin reagent (0.77 g, 1.82 mmol). The reaction mixture was stirred at (fC for 
3 h and partitioned between CH2CI2 and NaHCOj. The organic phase was washed with H2O, 
dried with Na2S04, filtered, and concentrated. The crude laoduct was purified by cohmin 
chromatogrq)hy on silica gel (1/4 EtOAc/hexane) to give the aldehyde (0.45 g, 75%) as a 

15 pale yellow solid. 

Example 45 

Sulfonamide 50: To a suspension of epoxide (2.00 g, 5.41 mmol) in 2-propanol (20 mL) was 
added amine 49 (4.03 g, 16.23 mmol) (prepared in 3 steps starting fiom 4- 
(aminomethyl)piperidine according to Bioorg. Med. Chem. Lett., 2001, 11, 1261.). The 
reaction mixture was heated to 80°C and stirred for 1 k The sohition was evaporated under 
reduced pressure and the crude solid was dissolved in CKba2 (20 mL) and cooled to 0°C. 
Triethylamine (4.53 mL, 32.46 mmol) was added followed by the addition of 4- 
methoxybenzenesulfonyl chloride (3.36 g, 16.23 mmol). The solution was stirred for 40 mm 
25 at 0°C, warmed to room temperature for 1.5 h, and evaporated under reduced pressure. The 
residue was partitioned between EtOAc and saturated NaHCOj. The organic phase was 
washed with saturated Nad, dried with N^04, filtered, and evaporated under reduced 
pressure. The crude product was purified by column chromatography on silica gel (3% 2- 
pn>pano]/CH2Cl2) to give the sulfonamide (2.50 g, 59%). 
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Example 46 

Amine 51: A sohition of sulfonamide 50 (2.50 g, 3.17 mwoT) in CH2a2 (6 mL) at 0°C was 
treated with trifluoroacetic acid (3 mL). The sohition was stirred for 30 min at 0°C and then 
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warmed to room temperature for an additional 1.5 h. Volatiles w«e evaporated under 
reduced pressure and the residue was partitioned between EtOAc and 0.5 N NaOH. The 
organic phase was washed with 0.5 N NaOH (2x), water (2x) and saturated Nad. dried with 
Na2S04. filtCTed, and evqwrated under reduced pressure to give the amine (1.96 g, 90%) 
which was used directly without any further purification. 

Examplft A^ 

Carbamate 52: To a solution of amme 51 (1.96 g, 2.85 mmol) in CH3CN (15mL) at O'^C was 
treated with (3R, 3aR, 6aS)-hexahydrofuro[2, 3-fe]fiiran-2-yl 4-nitrophenyl carbonate (0.84g. 
2.85mmol, prepared according to Ghosh et aL, J. Med. Chem. 1996, 39, 3278.) and 4- 
(dimethylaniino)pyridine (0.70 g, 5.70 nnno^. Afl« stirring for 2 h at (fC, the reaction 
solvent was evaporated under reduced pressure and the residue was partitioned between 
EtOAc and 0.5 N NaOH. The organic phase was washed with 0.5N NaOH (2 x), 5% dtric 
acid (2 X), saturated NaHCO,. dried with Na2S04. filtered, and evaporated under reduced 
pressure. The crude product was purified by cohnnn chromatography on silica gel (3% 2- 
propanoVCHaClz) to give the carbamate (1.44 g, 60%) as a white solid. 
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Carbonate 2: To a solution of (R)-(+).3-hydroxytetrahydrofuran (1.23 g, 14 mmol) in 



5 CH2CI2 (50 mL) was added triethylamine (2.9 mL. 21 mmol) and bis(4-mtrophenyl)caibonate 
(4.7 g, 15.4 mmol). The reaction mixture was stirred at room teai^terature for 24 h and 
partiUoned between CRiCh and saturated NaHCQ,. The CH^ layer was dried with 
Na2S04, filtered, and concentrated. The crude product was purified by column 
chromatography on siUca gel (2/1-EtOAc/hexane) to give the carbonate (2.3 g, 65%) as a pale 
10 yellow oil which solidified upon standing. 



15 
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25 



Examp lp. 9. 

Carbamate 3: To a solution of 1 (0.385 g. 0.75 mmol) and 2 (0.210 g, 0.83 mmol) in CH3CN 
(7 mL) at room temperature was added N. N-diisopropylethylamine (0.16 mL, 0.90 mmol). 
The reaction mixture was stirred at room temperature for 44 h. The solvent was evaporated 
under reduced pressure. The crude product was dissolved in EtOAc and washed with 
saturated NaHCOs. brine, dried with NazSO*. filtered, and concentrated. The crude product 
was purified by cohmm chromatography on silica gel (1/1-EtOAc/hexane) to give the 
carbamate (0.322 g, 69%) as a white solid: mp 98-100°C (uncorrected). 

Examp lp. 

PhenoM: To a solution of 3 (0.31 g. 0.49 mmol) in EtOH (10 mL) and EtOAc (5 mL) was 
added 10% Pd/C (30 mg). The suspension was stirred under H2 atmosphere (balloon) at 
room temperatm-e for 15 h. The reaction mixture was filtered through a phig of celite. The 

filtrate was concentrated and dried under vacuum to give the phenol (0.265 g) in quantitative 
yield. 



30 



Example A 

EHethylphosphonate 5: To a sotation of phenol 4 (100 mg. 0.19 mmol) in IHF (3 mL) was 
added CS2CO3 (124 mg. 0.38 mmol) and triflate (85 mg. 0.29 mmol). The reaction mixture 
was stiired at room temperature for 4 h and the solvent was evaporated under reduced 
pressure. The residue was partitioned between EtOAc and saturated Nad The organic 
phase was dried with Na2S04. filtored. and evaporated under reduced pressure. Tlie crude 
product was purified by cohmm chromatography on silica gel (5% 2-propanoyCH2a2) to 
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give the diethylphosphonate (63 mg, 49%, GS 16573) as a white solid: NMR (CDQa) 5 
7.65 (d, J = 8.7Hz, 2H), 7.21 (d, J = 8.7 Hz, 2H), 6.95 (d, J = 9 Hz, 2H), 6.84 (d, J = 8.4 Hz, 
2H), 5.06 (broad, s, IH), 4.80 (d, J = 7.5 Hz, IH), 4.19 (m, 6H), 3.83 (s, 3H), 3.80-3.70 (m, 
6H), 3.09-2.72 (m, 6H), 2.00 (m, IH), 1.79 (m, 2H), 1.32 (t, J = 7.5 Hz, 6H), 0.86 (d, J = 6.6 
5 Hz, 3H), 0.83 (d, J = 6.6 Hz, 3H); ^^P NMR 5 17.8. 

Exainplft 5 

Dibenzylphosphonate 6: To a solution of phenol 4 (100 mg, 0.19 nomol) in THF (3 mL) was 
added CS2CO3 (137 mg, 0.42 mmol) and triflate (165 mg, 0.39 mxDoI), The reaction mixture 

10 was stirred at room temperature for 6 h and the solvent was ev^orated under reduced 
pressure. The residue was partitioned between EtOAc and saturated NaCL The organic 
phase was dried with Na2S04, filtered, and evaporated under reduced pressure. The crude 
product was purified by cohimn chromatography on silica gel (5% 2-propanol/CH2a2) to 
give the dibenzylphosphonate (130 mg, 84%, GS 16574) as a white solid: 'H NMR (CDCI3) 

15 6 7.65 (d, J = 9 Hz, 2H), 7.30 (m, lOH), 7.08 (d, J = 8.4Hz, 2H), 6.94 (d, J = 9 Hz, 2H), 6.77 
(d, J = 8.7 Hz, 2H), 5.16-5.04 (m, 5H), 4.80 (d, J = 8.1 Hz, IH), 4.16 (d, J = 10.2 Hz, 2H), 
3.82 (s, 3H), 3.75-3.71 (do, 6H), 3.10-2.72 (m, 6H), 2.00 (m. IH), 1.79 (m, 2H), 0.86 (d, J = 
6.6 Hz, 3H), 0.83 (d, J = 6.6 Hz, 3H); P NMR (CDCI3) 5 18.8. 

20 Example 6 

Phosphonic Acid 7: To a solution of 6 (66 mg, 0.08 mmol) in EtOH (3 mL) was added 10% 
Pd/C (12 mg). The suspension was stirred und^ H2 atmosphere (balloon) at room 
tenq>erature for 15 h. The reaction mixture was filtered through a plug of celite. The filtrate 
was concentrated under reduced pressure and triturated with EtOAc to give the phosphonic 
25 acid (40 mg, 78%, GS 16575 ) as a white solid 

Example 7 

Carbonate 8: To a sohition of (S)-(+)-3-hydroxytetrahydrofuran (2 g, 22.7 mmol) in CH3CN 
(50 mL) was added triethylamdne (6.75 mL, 48.4 mmol) and N,N'-disuccinimidyl carbonate 
30 (6.4 g, 25 mmol). The reaction mixture was stirred at room tenq>erature for 5 h and 

concentrated under reduced pressure. The residue was partitioned between EtOAc and H2O. 
The organic phase was dried with Na2S04, filtered, and concentrated under reduced pressure. 
The crude product was purified by column chromatography on silica gel (EtOAc as ehiant) 
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followed by recrystallizatioa (EtOAc/hexane) to give the carbonate (23 g, 44%) as a white 
solid. 

Carbamate 9: To a sohition of 1 (0.218 g, 0.42 mmol) and 8 (0.12 g, 0.53 mmol) in CH3CN 
(3 mL) at room tenq)erature was added N. N-diisopropylethylamine (0.11 mL, 0.63 mmol). 
The reaction mixture was stirred at room ten9)erati2re for 2 h. The solvent was evaporated 
and the residue was partitioned between EtOAc and saturated NaHCC^. The organic phase 
was washed with brine, dried with Na2S04, filtered, and concentrated. The crude product 
was purified by cohmm chromatography on silica gel (1/1-EtOAc/hexane) to give the 
carbamate (0.176 g, 66%) as a white solid. 

Example 9 

Phenol 10: To a solution of 9 (0.176 g, 0.28 mmol) in EtOH (10 mL) was added 10% Pd/C 
(20 nog). The suspension was stirred under H2 atmosphere (balloon) at room teiriperature for 
4h. The reaction mixture was filtered through a plug of celite. The filtrate was concentrated 
and dried under vacuum to give the phenol (0.151 g, GS 10) in quantitative yield. 

Example 10 

Diethylphosphonate 11: To a sohition of phenol 10 (60 mg, 0.11 mmo© in THF (3 mL) was 
added CS2CO3 (72 mg, 0.22 mmol) and triflate (66 mg, 0.22 mmol). The reaction mixture 
was stirred at room teniperature for 4 h and tte solvent was evaporated under reduced 
pressure. The residue was partitioned between EtOAc and saturated NaCL The organic 
phase was dried with Na2S04, filtered, and evaporated under reduced pressure. The crude 
product was purified by column chromatography on silica gel (5% 2-propanol/CH2Cl2) to 
give the diethylphosphonate (38 mg, 49%, GS 11) as a white sohd. 
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Example Section J 

Exam ple 1 

Triflate 1: To a solution of A (4 g, 6.9 mmol) in THF (30 mL) and CH2CI2 (10 mL) was 
added CS2CO3 (2.7 g, 8 rnwoT) and N-phenyltrifluoron^tlmesulfoniimde (2.8 g, 8.0 mmol) 
and stirred at room tenq>erati]re for 16 h. The reaction ntiixture was concentrated mider 
reduced pressure. The residue wsa partitioned between C3I2C32 and saturated brine twice. 
The organic phase was dried over sodium sulfate and used for next reaction without furth^ 
purification. 

Fxamplft 2 

Aldehyde 2: A solution of crude above triflate 1 (--6.9 nmnol) in DMF (20 mL) was degassed 
(high vacuum for 5 min, argon purge, rqpeat 3 tunes). To this solution were quickly added 
Pd(OAc)2 (120 mg, 266 pmol) and bis(diphenylphosphino-propane (dppp ,220 mg, 266 
^mol), and heated to 70^C. To this reaction mixture was rapidly introduced carbon 
monoxide, and stirred at room temp^ature under an atmopheric pressure of carbon 
monoxide, followed by slow addition of TEA (5.4 mL, 38 mmol) and triethylsilane (3 mL, 18 
imrol). The resultant mixture was stirred at 70**C for 16 h, then cooled to room teii5)eraturc, 
concentrated imder reduced pressure, partitioned betwem CH2CI2 and saturated brine. Tlie 
organic phase was concentrated under reduced pressure and purified on silica gel cohmm to 
afford aldehyde 2 (2.1 g, 51%) as white solid. 

Exanyle 3 

Compounds 3ar3e: Respresentative Procedure, 3c: A solution of aldehyde 2 (0.35 g, 0.59 
mmol), L-alanine isopropyl ester hydrochloride (0.2 g, 1.18 mnool), glacial acetic acid (0.21 
g, 3.5 mmo]^ in 1,2-dichloroethane (10 mL) was stirred at room tenq>erature for 16 h, 
followed by addition of sodium cyanoborohydride (0.22 g, 3.5 mmol) and methanol (0.5 mL). 
Tlie resulting solution was stitred at nx>m temperature for one h. The reaction mixture was 
washed with sodium bicarbonate soIutk>n, saturated brine, and chromatographed on silica gel 
to afford 3c (0.17 g, 40%). 'H NMR QCDChy. 5 7.72 (d, 2H), 7.26 (d, 2H), 7.20 (d, 2H), 7.0 
(d, 2U), 5.65 (d, IH), 4.90-5.30 (m, 3H), 3.53-4.0 (m ovCTlapping s, 13H). 3.31 (q, IH), 
2.70-3.20 (m, 7H), 1.50-1.85 (m. 3H), 1.25-1.31 (m, 9H), 0.92 (d, 3H), 0.88 (d, 3H). MS: 706 
(M + 1). 
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Compound 




R2 


Amino Add 


3a 


Me 


Me 


Ala 


3b 


Me 


Et 


Ala 


3c 


Me 


iPr 


Ala 


3d 


Me 


Bn 


Ala 


3e 


iPr 


Et 


Val 



Example 4 

Sulfonamide 1: To a solution of erode amine A (1 g, 3 notmol) in CH2CI2 was added TEA 
5 (0.6 g, 5.9 mmol) and S-methoxybenzenesulfonyl chloride (0.6 g, 3 mmol). Hie resulting 
solution was stirred at room temperature for S h, and evaporated under reduced pressure. The 
residue was chromatographed on silica gel to afford sulfonamide 1 (1.0 g, 67%). 

Example 5 

10 Amine 2: To a (fC cold sohition of sulfonamide 1 (0.85 g. 1.6 mmol) in CShClz (40 mL) 

was treated with BBrs in CH2CI2 (10 mL of 1 M solution, 10 mmoF). The solution was stirred 
at O^ClOmin and then warmed to room temperature and stirred for 1.5 h. Thereaction 
mixture was quenched with CH3OH, concentrated under reduced pressure, azeotroped with 
CH3CN three times. The crude amine 2 was used for next reaction without further 

15 purification. 

Example 6 

Carbamate 3: A solution of crude amine 2 (0.83 mmol) in CH3CN (20 mL) and was treated 
with (3R, 3aR, 6aS)-hexahydrofuro[2, 3-*]furan-2-yl 4-mtrophenyl carbonate (245 mg, 0.83 

20 innK>l, prepared according to Ghosh et aL, J. Med. Chem. 1996, 39, 3278.) and N J^- 

dimethylaminopyridine (202 mg, 1.7 mnK>Q. After stirring for 16 h at room tenq>erature, the 
reaction solvent was ev^K>rated under reduced pressure and the residue was partitioned 
between CH2CI2 and saturated NaHCOa three times. The organic phase was evaporated 
undCT reduced pressure. The residue was purified by chromatogr^hy on silica gel affording 

25 the carbanaate 3 (150 mg, 33%) as a solid. 

Exanmle7 
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Diethylphosphonate 4: To a solution of carbamate 3(30 mg, 54 pmol) in THF (5 mL) was 
added CS2CO3 (54 mg, 164 pmol ) and triflate # (33 mg, 109 miik>1). A&er stirring the 
reaction mixture for 30 min at room ten^^erature, additional CS2CO3 (20 mg, 61 jimoO and 
triflate (15 mg, 50 pmoQ were added and the mixture was stirred for 1 more hour. The 
5 reaction mixture was evaporated under reduced pressure and the residue was partitioned 
between CHaCfc and water. Tbt organic phase was dried (N^S04), filtered and evaporated 
undo- reduced pressure. The crude product was chromatographed on silica gel and repurified 
by HPLC (50% CH3CN-50% H2O on C18 column) to give the diethylphosphonate 4 (15 mg, 
39%). NMR (CDCI3): 5 7.45 (m. 3H), 7.17-7.30 (m, 6H), 5.64 (d, IH), 5.10 (d, IH), 5.02 
10 (q, IH), 4.36 (d, 2H), 4.18-4.29 (2 q overlap, 4H), 3.60-3.98 (m, 7H), 2.70-3.10 (m, 7H), 
1.80-1.90 (m, IH), 1.44-1.70 (m, 2H + H20), 1.38 (t, 6H), 0.94 (d, 3H), 090 (d, 3H). ^^P 
NMR (CDQa): 18.7 ppm; MS (ESI) 699 (M + H). 

Example R 

15 Dibenzylphosphonate 5: To a solution of carbamate 3 (100 mg, 182 pmol) in THF (10 mL) 
was added CS2CO3 (180 mg, 550 |jmol ) and dibenzylhydroxymethyl phosphonate triflate. 
Section A, Scheme 2, Con5)ound 9, (150 mg, 360 pmol). After stirring the reaction mixture 
for 1 h at room temperature, the reaction mixture was evaporated under reduced pressure and 
the residue was partitioned between CH2CI2 and water. The organic phase was dried 

20 (Na2S04), filtered and evaporated under reduced pressure. The residue was purified by 

HPLC (50% CH3CN-50% H2O on C18 column) to give the dibenzylphosphonate 5 (1 10 mg, 
72%). ^H NMR (CDC33): 5 7.41 (d, 2H), 7.35 (s, 10 H), 7. 17-7.30 (m, 6H), 7.09-7. 1 1 (m, 
IH), 5.64 (d, IH), 4.90-5.15 (m, 6H), 4.26 (d, 2H), 3.81-3.95 (m, 4H), 3.64-3.70 (m, 2H), 
2.85-3.25 (m. 7H), 1.80-1.95 (m, IH), 1.35-1.50 (m, IH), 094 (d, 3H), 0.91 (d, 3H). ^^P 
25 NMR (CDCI3) 5 19.4 ppnu MS (ESI): 845 (M + Na), 1666 (2M + Na). 



Example 9 

Phosphonic acid.6: A solution of dibenzylphosphonate 5 (85 mg, 0.1 mmol) was dissolved in 
MeOH (10 mL) treated with 10% Pd/C (40 mg) and stirred under H2 atmosphere (balloon) 
30 overnight. The reaction was purged with N2, and the catalyst was removed by filtration 

through celite. The filtrate was evaporated under reduced pressure to afford phosphonic acid 
6 (67 mg, quantitatively). ^H NMR (CD3OD): 5 7.40-7.55 (m, 3H), 7.10-7.35 (m, 6H), 5.57 
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(d, IH), 432 (d, 2H), 3.90-3.95 (m, IH), 3.64-3.78 (m, 5H), 3.47 (m, IH), 2.85-3.31 (m, 
5H), Z50-2.60 (m, IH), 2.00-2.06 (m, IH), L46-1.60 (m, IH), 1.30-1.34 (m, IH), 0.9 (d, 
3H), 0.90 (d, 3H). ^^P NMR (CD3OD): 16.60 ppm; MS (ESI): 641 (M - H). 

Example 10 

Sulfonamide 1: To a solution of crude amine A (0.67 g, 2 mmol) in CH2CI2 (50 mL) was 
added TEA (0.24 g, 24 mmol) and crude 3-acetoxy-4-methoxyben2enesulfonyl chloride (0.58 
g, 2.1 namol, was prepared according to Kratzl et al., Monatsh. ChenLl952, 83, 1042-1043), 
and the solution was stirred at room teiiq)erature for 4 h, and evaporated under reduced 
pressure. The residue was chromatographed on silica gel to afford sulfonamide 1 (0.64 g, 
54%). MS: 587 (M + Na), 1 150 (2M + Na) 

Phenol 2: Sulfonamide 1 (0.64 g, 1.1 mmol) was treated with saturated NH3 in MeOH (15 
mL) at room tenaperature for 15 min., then evaporated under reduced pressure. The residue 
was purified on silica gel column to afford phenol 2 (0.57 g, 96%). 

Example 1 1 

Dibenzylphosphonate 3a: To a solution of phenol 2 (0.3 g, 0.57 mmol) in THF (8 mL) was 
added CS2CO3 (0.55 g, 1.7 mmol) ) and dibenzylhydroxymethyl phosphonate triflate (0.5 g, 
1.1 nomol). AftCT stirring the reaction mixture for 1 h at room temperature, the reaction 
mixture was quenched with water and partitioned between CH2CI2 and saturated amnK>nium 
chloride aqueous solution. The organic phase was dried (N^S04), filtered and evaporated 
under reduced pressure. The residue was chromatographed on silica gel (40% EtOAc/ 60% 
hexane) to give the dibenzylphosphonate 3a (0.36 g, 82%). ^H NMR (CDCI3): 5 7.20^7.40 
(m, 17H), 6.91 (d, IH), 5.10-5.25 (2 q(ab) overlap, 4H), 4.58-4.70 (m, IH), 4.34 (d, 2H), 
3.66-3.87 (m+ s, 5H), 2.85-3.25 (m, 6H), 1.80-1.95 (m, IH), 1.58 (s, 9H), 0.86-0.92 (2d, 
6H). 

Example 12 

Diethylphosphonate 3b: To a solution of phenol 2 (0.15 g, 0.28 mmol) in THF (4 mL) was 
added CS2CO3 (0.3 g, 0.92 mmol) ) and diethylhydroxymethyl phosphonate triflate (0.4 g, 1.3 
mmol). After stirring the reaction mixture for 1 h at room temp^ture, the reaction mixture 
was quenched with water and partitioned between CH2CI2 and saturated NaHCCb aqueous 
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solution. The organic phase was dried (Na2S04), filtered and ev25)orated under reduced 
pressure. The residue was chromatographed on silica gel (1% CH3OH-CH2CI2) to give the 
diethylphosphonate 3b (0.14 g, 73%). 

5 Example 13 

Amine 4a: To a solution of 3a (0.35 g, 0.44 mmol) in CH2CI2 (10 noL) was treated with TFA 
(0.75 g, 6.6 mnaol) at room ten5)erature for 2 h. The reaction was ev^orated under reduced 
pressure, azeotroped with CH3CN twice, dried to afford crude aniine 4a. This crude 4a was 
used for next reaction without further purification. 

10 

Example 14 

Amine 4b: To a solution of 3b (60 mg, 89 pmol) in CH2CI2 (1 mL) was treated with TFA 
(0.1 mL, 1.2 mmol) at room temperature for 2 h. The reaction was evaporated under reduced 
pressure, azeotroped with CH3CN twice, dried to afford crude amine 4b (68 mg). This crude 
15 4b was used for next reaction without further purification. 

Example 15 

Carbamate 5a: An ice-cold solution of crude amine 4a (0.44 mmol) in CH3CN (10 mL) and 
was treated with (3R, 3aR, 6aS>-hexahydroluro[2, 3-fe]furan-2-yl 4-nitrophenyl carbonate 

20 (120 mg, 0.4 nomol) and NjNT-dimethylaminopyridine (DMAP, 1 10 mg, 0.88 mmol). After 4 
h, more DMAP (0^5 g, 4.4 mmol) was added to the reaction mixture. After stirring for 1.5 h 
at room tenqp^ature, the reaction solvent was evaporated under reduced pressure and the 
residue was partitioned between CHzCh and saturated NaHCOs. The organic phase was 
evaporated under reduced pressure. The residue was purified by chromatography on silica 

25 gel affording the crude carbamate Sa (220 mg) containing some p-nitrophenoL The crude 5a 
was repurified by HPLC (50% CH3CN /50% H2O) to afford pure carbamate 5a (176 mg, 
46%, 2 steps). NMR (CDCk): 5 7.20-7.36 (m, IH), 6.94 (d, IH), 5.64 (d, IH), 5.10-5.25 
(2 q(ab) overlap, 4H), 4.90-5.10 (m, IH), 4.90 (d, IH), 4.34 (d, 2H), 3.82-3.91 (m + s, 6H), 
3.63-3.70 (m, 3H), 2.79-3.30 (m, 7H), 1.80-1.90 (m, IH), 1.40-1.50 (m, IH), 0.94 (d, 3H), 

30 0.89 (d, 3H). ^^P NMR (CDQa): 17.2 ppm. 

Example 16 
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Carbamate 5b: An ice-cold solution of crude amine 4b (89 ^mojQ) in CH3CN (5 mL) and was 
treated with (3R, 3aR^ 6aS)-hexahydrofuro[2, 3-fe]furan-2-yl 4-nitrophenyl carbonate (26mg, 
89 pmol) and NJ^-dimethylaminopyridine (DMAP, 22 mg. 0.17 mmol). After 1 h at O^'C, 
more DMAP (10 mg. 82 pmol) was added to the reaction mixture. After birring for 2 h at 
room temperature, the reaction solvent was evaporated under reduced pressure and the 
residue was partitioned between CH2Cb and saturated NaHCOa. The organic phase was 
evaporated under reduced pressure. The residue was purified by HPLC (CI 8 column, 45% 
CH3CN/55% H2O) to afford pure carbamate 5b (18.8 mg, 29%, 3 steps). NMR (CDQs): 
8 7.38 (d, 2H), 7.20-7.36 (m, 6H), 7.0 (d, IH), 5.64 (d, IH), 4.96-5.03 (m, 2H), 4.39 (d, 2H), 
4.20-4.31 (2q overlap, 4H) 3.80-4.00 ((s overlap with m, 7H), 3.60-3.73 (m, 2H), 3.64-3.70 
(m, 2H), 2.85-3.30 (m, 7H), 1.80-1.95 (m, IH), 1.55-1.75 (m, IH), 1.35-1.50 (s overlap with 
m, 7H), 0.94 (d, 3H), 0.88 (d, 3H). NMR (CDCI3): 18.1ppm. 

Example 17 

Phosphonic acid 6: A solution of dibenzy:^hosphonate 5a (50 mg, 58 |Jjnol) was dissolved in 
MeOH (5 mL) and EtOAc (3 mL) and treated with 10% Pd/C (25 mg) and was stirred at 
room temperature under H2 atnK>sphere (balloon) for 8 h. The catalyst was filt^ed off. The 
filtrate was concentrated and redissolved in MeOH (5 mL), treated with 10% Pd/C (25 mg) 
and was stirred at room temperature under H2 atmo^here (balloon) overnight The catalyst 
was filtered off. The filtrate was evaporated under reduced pressure to afford phosphonic 
acid 6 (38 mg, quantitatively). ^H NMR (CD3OD): 8 7.42 (m, IH), 7.36 (s, IH), 7.10-7.25 
(m, 6H), 5.58 7 (d, IH), 4.32 (d, 2H), 3.90 (s, 3H), 3.60-3.80 (m, 6H), 3.38 (d, IH), 2.85-3.25 
(m, 5H), 2.50-2.60 (m, IH), 1.95-2.06 (m, IH), 1.46-1.60 (m, IH), 1.30-1.40 (m, IH), 
0.93(d, 3H), 0.89 (d, 3H). ^^P NMR (CP3OD): 14.8 ppm; MS (EST): 671 (M - H). 

Example 18 

Amine 7: To a O'^C cold solution of diethylphosphonate 3b (80 mg, 0.118 mmol) in CH2CI2 
was treated with BBra in CH2CI2 (0.1 mL of 1 M solution, 1 mmol). The solution was stirred 
at 0**C 10 min and then warmed to room ten^erature and stirred for 3 h. The reaction 
mixture was concentrated under reduced pressure. The residue was redissolved in C!H2Cl2 
(containing some CH3OH, concentrated, azeotroped with CH3CN three times. Tte crude 
amine 7 was used for next reaction without further purification. 
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Rxamplft 19 

Carbamate 8: An ice-cold solution of crude amine 7 (0.118 mmol) in CH3CN (5 mL) and 
was treated with (3R, 3aR, 6aS)-hexahydrofuro[2, 3-fe]furan-2-yl 4-nitrophenyl carbonate (35 
mg, 0.118 mmol) and NJSf-dimethylaminopyridine (29 nag, 0.24nnnolX wanned to room 
temperature. After stirring for 1 h at room ten5)erature, more DMAP (20 mg, 0.16 mmol) 
was added to reaction mixture. After 2 h stirred at room ten5)erature, the reaction solvent 
was evaporated under reduced pressure and the residue was partitioned between CH2CI2 and 
saturated NaHCOs. The organic phase was evaporated imder reduced pressure. The residue 
was purified by HPLC on C18 (CH3CN-55%H20) to afford the desired carbamate 8 (11.4 
mg, 13.4%) as an off-white solid. NMR (CDCI3): 5 7.20-7.40 (m, 7H), 7.00 (d, IH), 5.64 
(d, IH), 5.00-5.31 (m, 2H), 4.35 (d, 2H), 4.19-4.30 (2q overlap, 4H), 3.80-4.00 (m. 4H), 3.68- 
3.74 (m, 2H), 3.08-3.20 (m. 3H), 2.75-3.00 (m, 4H), 1.80-1.90 (m, IH), 1.55-1.75 (m, IH ), 
1.38 (t, 6H), 0.91 (2d overlap, 6H). ^^P NMR (CD3OD): 519.5 ppm. 
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Example Section K 

Example 1 

Monophenyl-monolactate 3: A mixture of monoadd 1 (0.500 g, 0.7 mmol)> akohol 2 (0.276 
5 g, 2.09 nnroO and dicyclohexylcarbodiimide (0.431 g, 2.09 mmol) in dry pyridine (4 mL) 
was placed into a 70X oil bath and heated for two hours. The reaction was monitored by 
TLC assay (Si02, 70% ethyl acetate in hexanes as eluent» product 0.68, visualization by 
UV). The reaction contents were cooled to ambient tenq)erature with the aid of a cool bath 
and diluted with dichloromethane (25 mL). TLC assay may show presence of starting 

10 material The diluted reaction mixture was filtered to remove solids. The filtrate was then 
cooled to O^C and charged with 0. 1 N HQ (10 mL). The pH 4 mixture was stirred for 10 
minutes and poured into separatory funnel to allow the layers to separate. The lower organic 
layer was collected and dried over sodium sulfate. Tte drying agent was filtered off and the 
filtrate concentrated to an oil via rotary evaporator (< BOX warm bath). The crade product 

15 oil was purified on pretreated silica gel (deactivated using 10% methanol in dichlorormethane 
followed by rinse with 60% ethyl ddetate in dichloromethane). The product was eluted with 
60% ethyl acetate in dichloromethane to afford the product monophenyl-monolactate 3 as a 
white foam (0.497 g, 86% yield). *H NMR (CDCfe) 5 7.75 (d, 7.40-7.00 (m, 14H), 5.65 
(d, IH), 5.20-4.90 (m, 4H), 4.70 (d, IH), 4.55-4.50 (m, IH), 4.00-3.80 (m, 4H), 3.80-3.60 (m, 

20 3H), 3.25-2.75 (m, 7H), 1.50 (d, 3H), 1.30-1.20 (m, 7H), 0.95 (d, 3H), 0.85 (d, 3H). ^^P 
NMR (CDCI3) 5 16.2, 13.9. 

Exainplft 2 

Monophenyl-monoamidate 5: A mixture of monoacid 1 (0.5Q0 g» 0.70 nunol), anoine 
25 hydrochloride 4 (0.467 g, 2.78 nomol) and dicyclohexylcarbodiimide (0.862 g, 4. 1 8 mmol) in 
dry pyridine (8 mL) was placed into a 60**C oil bath, and heated for one hour (at this 
temperature, product degrades if heating continues beyond this point). The reaction was 
monitored by TLC assay (SiOz, 70% ethyl acetate in hexanes as ehient, product Rf= 0.39, 
visualization by UV). The contents were cooled to ambient temperature and diluted with 
30 ethyl acetate (15 mL) to precipitate a white soUd. The mixture was filtered to remove solids 
and the filtrate was concentrated via rotary evaporator to an oiL The oil was diluted with 
dichloromethane (20 mL) and washed with 0.1 N HQ (2 x 20 mL), water (1 x 20 mL) and 
dilute sodium bicarbonate (1 x 20 mL). The organic layer was dried over sodium sulfate, 
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filtered, and concentrated to an oil via rotary evaporator. The cnide product oil was dissolved 
in dichlorometbane (10 mL). Hexane was slowly charged to the stirring solution until 
cloudiness persisted. The cloudy mixture was stirred for a few mintues until TLC assay 
showed that the dichloromethane/hexane layer contained no product The 

5 dichloiomethane/hexanes layer was decanted and the solid was &rther purified on silica gel 
first pretreated with 10% niethanol in ethyl acetate and rinsed with 50% ethyl acetate in 
hexanes* The product 5 was eluted with 50% ethyl acetate in hexanes to afford a white foam 
(0.255 g, 44% yield) upon removal of solvents. NMR (CDCh) 5 7.75 (d, 2H), 7.40-7.15 
(m, lOH), 7.15-7.00 (t, 2H), 5.65 (d, IH), 5.10-4.90 (m, 3H), 4.50-4.35 (m, 2H), 4.25-4.10 

10 (m, IH), 4.00-3.60 (m, 8H), 3.20-2.75 (m, 7H), 1.40-1.20 (m, IIH), 0.95 (d, 3H). 0.85 (d, 
3H). ^^PNMR (CDQa) 5 19.1, 18.0. 



Example 3 

Bisamidate 8: A solution of triphenylphosphine (1.71 g, 6.54 mmol) and aldrithiol (1.44 g, 
15 6.54 minol) in dry pyridine (5 mL), stirred for at least 20 minutes at room tenoperature, was 
charged into a solution of diacid 6 (1.20 g, 1.87 mmol) and amine hydrochloride 7 (1.30 g, 
7.47 mmol) in dry pyridine (10 mL). Diisopropylethylamine (0.97 g, 7.48 mmol) was then 
added to this combined solution and the contents were stirred at room temperature for 20 
hours. The reaction was monitored by TLC assay (Si02> 5:5:1 ethyl 
20 acetate/hexanes/methanol as ehient, product 0.29, visualization by UV). The reaction 
mixture was concentrated via rotary evaporator and dissolved in dichloromethane (50 mL). 
Brine (25 mL) was charged to wash the organic layer. The aqueous layer was back extracted 
with dichloromethane (1 x 50 mL). The combined organic layers were dried over sodium 
sulfate, filtered, and concentrated via rotary evaporator to afford an oil. The crude product oil 
25 was purified on silica gel using 4% isopropanol in dichloromethane as eluent The comtbined 
. fractions containing the product may have residual amine contanoination. If so, the firactions 
were concentrated via rotary evaporator and further purified by silica gel chromatography 
using a gradient of 1:1 ethyl acetate/hexanes to 5:5:1 ethyl acetate/hexanes/methanol solution 
as eluent to afford the product 8 as a foam (0.500 g, 30% yield). 

30 

Example 4 

Diacid 6: A solution of dibenzylphosphonate 9 (8.0 g, 9.72 nnnol) in ethanol (160 mL) and 
ethyl acetate (65 mL) under a nitrogen atmosphere and at room tenq>erature was charged 10% 
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Pd/C (1.60 g, 20 wt%). The mixture was stirred and evacuated by vacuum and purged with 
hydrogen several times. The contents were then placed under atmospheric pressure of 
hydrogen via a balloon. The reaction was monitored by TLC assay (Si02, 7:2.5:0.5 
dichloromethane/methanol/ammonium hydroxide as ehient, product R^=: 0.05, visualization 
by UV) and was judged complete in 4 to 5 hours. The reaction mixture was filt^ed through a 
pad of celite to remove Pd/C and the filter cake rinsed with ethanol/ethyl acetate mixture (50 
mL). The filtrate was concentrated via rotary evaporation followed by several co- 
evaporations using ethyl acetate (3 x 50 naL) to remove ethanoL The semi-soHd diacid 6, free 
of ethanol, was carried forward to the next step without purification. 



Example 5 

— — J - ■■ 

Diphenylphosphonate 10: To a solution of diacid 6 (5.6 g, 8.71 mmol) in pyridine (58 ihL) at 
room teixq>erature was charged phenol (5.95 g, 63.1 nunol). To this mixture, while stirring, 
was charged dicyclohexylcarbodiimide (7.45 g, 36.0 mmol). The resulting cloudy, yellow 
mixture was placed in a 70-80'C oil bath. The reaction was monitored by TLC assay (Si02, 
7:2.5:0.5 dichloromethane/methanol/ammonium hydroxide as eluent, diacid % = 0.05, 
visualization by UV for the disappearance of starting material. Si02, 60% ethyl acetate in 
hexanes as eluent, diphenyl R/^= 0.40, visualization by UV) and was judged conqilete in 2 
hours. To the reaction mixture was charged isopropyl acetate (60 mL) to produce a white 
prec^itation. The slurry was filtered through a pad of cehte to remove the white precipitate 
and the filter cake rinsed with isopropyl acetate (25 mL). The filtrate was concentrated via 
rotary evaporator. To the resulting yellow oil was charged a premixed solution of water (58 
mL) and IN HCl (55 mL) followed by isopropyl acetate (145 mL). The mixture was stirred 
for one hour in an ice bath. After separating the layers, the aqueous layer was back extracted 
with ethyl acetate (2 x 50 mL). The combined organic layers were dried over sodium sulfate, 
filtered, and concentrated via rotary evaporator. The crude product oil was purified by silica 
gel column chromatography using 50% ethyl acetate in hexanes as eluent to afford the 
product 10 as a white foam (3.52 g, 51% yield). NMR (CDCfe) 5 7.75 (d, 2H), 7.40-7.20 
(m, 15H), 7.10 (d, 2H), 5.65 (d, IH), 5.10-4.90 (m, 2H), 4.65 (d, 2H), 4.00-3.80 (m, 4H), 
3.75-3.65 (m, 3H), 3.25-2.75 (m, 7H), 1.90-1.75 (m, IH), 1.70-1.60 (m, IH), 1.50-1.40 (m, 
IH), 0.90 (d, 3H), 0.85 (d, 3H). ^^P NMR (CDCfe) 8 10.9. 



Example 6 
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Monophenyl 1: To a solution of dipbeoyl 10 (3.40 g, 4.28 mmol) in acetonitrile (170 mL) at 
0°C was charged IN sodium hydroxide (4.28 mL). The reaction was monitored by TLC 
assay (Si02, 7:2.5:0.5 dichloromethane/methanol/ammonium hydroxide as eluent, diphenyl 
Bf= 0.65, visualization by UV for the disappearance of starting material Product 
5 monophenyl % = 0.80, visualization by UV). Additional IN NaOH was added (if necessary) 
until the reaction was judged coniplete. To the reaction contents at O^'C was charged Dowex 
It (Dowex 50WX8-200) (4.42 g) and stirred for 30 minutes at which time the pH of the 
mixture reached pH 1 (noonitored by pH pap^). The mixture was filtered to remove the 
Dowex resin and the filtrate was concentrated via rotary evaporation (water bath < 40^Q. 

10 The resulting solution was co-evaporated with toluene to remove water (3 x 50 mL). The 
white foam was dissolved in ethyl acetate (8 mL) followed by slow addition of hexanes (16 
mL) over 30 minutes to induce precipitation. A premixed solution of 2:1 hexnaes/ethyl 
acetate solution (39 mL) was charged to the precipitated material and stirred. The product 1 
was filtered and rinsed with premixed solution of 2:1 hexanes/ethyl acetate solution (75 mL) 

15 and dried under vacuum to afford a white powder (2.84 g, 92% yield). NMR (CD3OD) 5 
7.80 (d, 2H), 7.40-7.30 (m. 2H), 7.^7.15 (m, 1 IH), 5.55 (d, IH), 4.50 (d, 2H), 3.95-3.85 (m, 
IH), 3.80-3.60 (m, 5H), 3.45 (bd, IH). 3.25-3.15 (m, 2H), 3.00-2.80 (m, 3H), 2.60-2.45 (m, 
IH), 2.10-1.95 (m, 2H), 1.85-1.60 (m, 2H), 1.50-1.40 (m, IH), 1.40-1.30 (m, IH), 0.95 (d, 
3H), 0.85 (d, 3H). NMR (CDQa) 8 13.8. The monophenyl product 1 is sensitive to silica 

20 geL On contact with silica gel 1 converts to an unknown conq>ound possessing ^^P NMR 
chemical shift of 8 ppm. However, the desired monophenyl product 1 can be regenerated by 
treatment of the unknown compound with 2.5 M NaOH in acetonitrile at O^'C for one hour 
followed by Dowex H*" treatment as described above. 

25 Example 7 

Dibenzylphosphonate 9: To a solution of phenol 11 (6.45 g, 11.8 mmol) in tetrahydrofiiran 
(161 mL) at loom ten^rature was charged trifiate reagent 12 (6.48 g, 15.3 mmol). Cesium 
carbonate (11.5 g, 35.3 mmol) was added and the mixture was stirred and monitored by TLC 
assay (SiOa, 5% methanol in dichloromethane as ehient, dibenzyl product Rf= 0.26, 
30 visualization by UV or ninhydrin stain and heat). Additional CS2CO3 was added until the 
reaction was judged con^lete. To the reaction contents was charged water (160 mL) and the 
mixture extracted with ethyl acetate (2 x 160 mL). The combined organic layer was dried 
over sodium sulfate, filtered, and concentrated via rotary evaporator to afford a viscous oiL 
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The crude oil was purified by silica gel column chromatogr^hy using a gradient of 100% 
dichloromethane to 1% methanol in dichloromethane to afford product 9 as a white foam 
(8.68 g, 90% yield). ^HNMR {CDCk) 5 7.75 (d, 2H), 7.40-7.20 (m, 16H), 6.95 (d, 2H), 5.65 
(d, IH), 5.20-4.90 (m, 6H), 4.25 (d, 2H), 4.00-3.80 (m, 4H), 3.75-3.65 (m, 3H), 3.20-2.75 (m, 
7H), 1.90-1.75 (m, IH), 1.30-1.20 (m, IH), 0.90 (d, 3H), 0.85 (d, 3H). ^^P NMR (CDaa) 5 
19.1. 

Rxarnplft 7a 

Hydroxyphenylsulfonamide 14: To a solution of methoxyphenykulfonamide 13 (35.9 g, 70.8 
mmol) in dichloromethane (3.5 L) at O^'C was charged boron tribromide (IM in DCM, 40.1 
mL, 425 mmol). The reaction content was aUowed to warm to room ten5)erature, stirred over 
two hours, and monitored by TLC assay (Si02, 10% methanol in dichloromethane as eluent, 
dibenzyl product Rf= 0.16, visualization by UV). To the contents at O'^C was slowly charged 
propylene oxide (82 g, 1.42 mmol). Methanol (200 mL) was added and the reaction mixture 
was concentrated via rotary evaporator to afford a viscous oSL The crade product mixture 
was purified by silica gel column chromatography using 10% methanol in dichloromethane to 
afford the product 14 as a foam (22 g, 80% yield). NMR (DMSO) 8 7.60 (d, 2H), 7.30- 
7.20 (m, 5H), 6.95 (d, 2H), 3.90-3.75 (m, IH), 3.45-3.20 (m, 5H), 3.00-2.55 (m, 5H), 2.50- 
2.40 (m, IH), 1.95-L85 (m, IH), 0.85 (d, 3H), 0.80 (d, 3H). 

Example 8 

Cisfiiran carbamate 16: To a solution of amine 14 (20.4 g, 52.0 mmol) in acetonitrile (600 
mL) at room temperature was charged dimethylaminopyridine (13.4 g, 109 mmol) followed 
by cisfiiran p-nitrophenylcarbonate reagent 15 (14.6 g, 49.5 mmol). The resulting sohition 
was stirred at room temperature for at least 48 hours and monitored by TLC assay (SiCb, 10% 
methanol in dichloromethane as ehient, cisfuran product = 0.34, visualization by UV). 
The reaction mixture was concentrated via rotary evaporator. The crude product mixture was 
purified by silica gel column chromatography using a gradient of 60% ethyl acetate in 
hexanes to 70% ethyl acetate in hexanes to afford the product 16 as a solid (18.2 g, 64% 
yield). 'H NMR (DMSO) 5 10.4 (bs, IH), 7.60 (d, 2H). 7.30-7.10 (m, 6H), 6.95 (d, 2H), 5.50 
(d, IH), 4.85 (m, IH), 3.85 (m, IH), 3.70 (m, IH), 3.65-3.50 (m, 4H), 3.30 (d, IH), 3.05-2.95 
(m, 2H), 2.80-2.65 (m, 3H), Z50-2.40 (m, IH), 2.00-1.90 (m, IH), 1.45-1.20 (m, 2H), 0.85 
(d, 3H), 0.80 (d, 3H). 
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Monobenzyl phosphonate 2 A solution of dibenzylphospbonate 1(150 mg, 0.17Snimol) was 
5 dissolved in toluene (1 mL), treated with DABCO (20 mg, 0.178 nHZK>0 and was refluxed 
under N2 atmosphere (balloon) for 3 h. The solvent was removed and the residual was 
dissolved in aqueous HCl (5%). The aqueous layer was extracted with ethyl acetate and the 
organic layer was dried over sodium sulfate. After ev^oration to yield the monobenzyl 
phosphonate 2 (107 mg, 80%) as a white powder. *H NMR (CD3OD) 5 7.75 (d, J = 5.4 Hz, 
10 2H), 7.42-7.31 (m, 5H) 7.16 (d, J = 5.4 Hz, 2H), 7.01 (d, J = 5.4 Hz, 2H), 6.86 (d, J = 5.4 Hz, 
2H), 5.55 (d, J = 3.3 Hz, IH), 5.14 (d, J = 5.1 Hz, 2H), 4.91 (m, IH), 4.24-3.66 (m 
overlapping s, IIH), 3.45 (m, 2H), 3.14-2.82 (m, 6H), 2.49 (m, IH), 2.01 (m, IH), 1.51-1.34 
(m, 2H), 0.92 (d, J = 3.9 Hz, 3H), 0.87 (d, J = 3.9 Hz, 3H); ^^P NMR (CD3OD) 5 20.5; MS 
(ESI) 761 (M-H). 

15 

Example 2 

Monobenzyl, ethyl phosphonate 3 To a solution of monobenzyl phosphonate 2 (100 mg, 0.13 
mmol) in dry THF (5 mL) at room temperature und^ N2 was added PhaP (136 mg, 0.52 
mmol) and ethanol (30 pL, 0.52 mmol). After cooled to O^'C, DEAD (78nL, 0.52 mmol) was 

20 added. The mixture was stirred for 20 h at room tenperature. The solvent was evaporated 
under reduced pressine and the residue was purified by using chromatograph on silica gel 
(10% to 30% ethyl acetate / hexane) to afford the monobenzyl, ethyl phosphonate 3 (66 mg, 
64%) as white soUd. *H NMR (CDQa) 7.70 (d, J = 8.7 Hz, 2H), 7.43-7.34 (m, 5H) 7.14 (d, 
J = 8.4 Hz, 2H), 7.01 (d, J = 8.7Hz, 2H), 6.84 (d, J = 8.4 Hz; 2H), 5.56 (d, J = 5.4 Hz, IH), 

25 5.19 (d, J = 8.7 Hz, 2H), 5.00 (m, 2H), 4.22-3.67 (m overlapping s, 13H), 3.18-2.76 (m, 7H), 
1.82-1.54 (m, 3H), 1.33 (t, J = 7.0 Hz, 3H), 0.92 (d, J = 6.6 Hz, 3H), 0.88 (d, J = 6.6 Hz, 3H); 
^'P NMR iCDCk) 6 19.8; MS (ESI) 813 (M+Na). 

Example 3 

30 Monoethyl phosphonate 4 A solution of monobenzyl, ethyl phosphonate 3 (60 mg) was 
dissolved in EtOAc (2 mL), treated with 10% Pd/C (6 mg) and was stirred under H2 
atmosphere (balloon) for 2h. The catalyst was removed by filtration through celite. The 
filtered was evaporated under reduced pressure, the residue was triturated with ether and the 
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solid was collected by filtration to afford the monoethyl phosphonate 4 (50 mg, 94%) as 
white solid. NMR (CD3OD) 7.76 (d, J = 8.7 Hz, 2H), 7.18 (d, J = 8.4 Hz, 7.01 (d, J 
= 8.7Hz, 2H), 6.89 (d, J = 8.4 Hz, 2H), 5.58 (d, J = 5.4 Hz, IH), 5.90 (m, IH), 4.22-3.67 (m 
overlapping s, 13H), 3.18-2.50 (m, 7H), 1.98(m, IH), 1.56 (m, 2H), 1.33 (t, J = 6.9 Hz, 3H), 
0.92 (d, J = 6.6Hz, 3H), 087 (d, J = 6.6 Hz, 3H); ^^PNMR (CD3OD) 5 18.7; MS (ESI) 700 
(M-H). 

Exam ple 4 

Monophenyl, ethyl phosphonate 5 To a solution of phosphonic acid 1 1 (800 mg, 1.19 romol) 
and phenol (1.12 g, 11.9 mmol) in pyridine (8 mL) was added ethanol (69 pJL, 1.19 mmol) 
and 1, 3-dicyclohexylcarbodiimide (Ig, 4.8 nnnol). The sohition was stirred at 70°C for 2h. 
The reaction mixture was cooled to room tenoperature, then diluted with ethyl acetate (10 
mL) and filtered. The filtrate was evaporated under reduced pressure to remove pyridine. 
The residue was dissolved in ethyl acetate and the organic phase was separated and washed 
with brine, dried over MgS04, filtered and concentrated. The residue was purified by 
chromatography on silica gel to give nx)nophenyl, ethyl phosphonate 5 (600 mg, 65%) as 
white soHd. ^H NMR (CDCh) 7.72 (d, J = 9 Hz, 2H), 7.36-7.18 (m, 5H), 7.15 (d, J = 8.7 
Hz, 2H), 6.98 (d, J = 9Hz, 2H), 6.87 (d, J = 8.7 Hz, 2H), 5.64 (d, J = 5.4 Hz, IH), 5.00 (m, 
2H), 4.34 (m, 4H), 3.94-3.67 (m overlapping s, 9H), 3.18-2.77 (m, 7H), 1.82-1.54 (m, 3H), 
1.36 (t, J = 7.2 Hz, 3H), 0.92 (d, J = 6.6 Hz, 3H), 0.87 (d, J = 6.6 Hz, 3H); ^^P NMR (CDQa) 
5 16.1; MS (ESI) 799 (M+Na). 

Example 5 

Sulfonamide 6 To a suspension of epoxide 5 (3 g, 8.12 mmol) in 2-propanol (30 mL) was 
added isobutylamine (8 mL, 81.2 mmol) and the solution was stirred at 80°C for 1 h. The 
solution was evaporated under reduced pressure and the crude sohd was dissolved in CH2CI2 
(40 mL) and cooled to 0°C. TEA (2.3 mL, 16.3nimol) was added followed by the addition of 
4-mtrobenzenesulfonyl chloride (1.8 g, 8.13 mmol) in CH2CI2 (5 mL) and the solution was 
stirred for 30 min at 0°C, warmed to room tenqjerature and evaporated under reduced 
pressure. The residue was partitioned between EtOAc and saturated NaHCQs. The organic 
phase was washed with saturated NaQ, dried over Na2S04, filtered and evaporated under 
reduced pressure. The crude product was recrystallized from EtOAc/hexane to give the 
sulfonamide 6 (4.6 g, 91%) as an ofi"- white solid. MS (ESI) 650 (M+Na). 
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9 

Example 6 

Phenol 7 A solution of sulfonamide 6 (4.5 g, 7J nomol) in CH2CI2 (50 mL) at 0^*0 was 
treated with BBra (IM in OfcCfc, 5QmL). The solution was stirred at OX to room 
ten5>erature for 48h. CH3OH (10 mL) was carefully added. The solvent was evaporated 
5 under reduced pressure and the residue was partitioned between EtOAc and saturated 

NaHCOa. The organic phase washed with saturated Nad, dried ovea: Na2S04, filtered, and 
evaporated under reduced pressure. The crude product was purified by chromatography on 
silica gel (10% - M&OWCH2CI2) to give the phenol 7 (2.5 g, 80%) as an off-white soKd. MS 
(ESI) 528 (M+H). 

10 

Example 7 

Carbamate 8 A solution of sulfonannde 7 (2.5 g, 5.7 mmol) in CH3CN (100 mL) and was 
treated with proton-sponge (3 g, 14 mmol) and followed by (3R, SaR, 6aS>-hexahydrofuro[2, 
3-fe]fiiran-2-yl 4-nitrophenyl carbonate (1.7 g, 5.7 mmol) at 0°C. After stirring for 48h at 
15 room tenq)erature, the reaction solvent was ev^>orated under reduced pressure and the 

residue was partitioned between EtOAc and 10% HC3. The organic phase was washed with 
saturated NaCl, dried over Na2S04, filtered, and evaporated under reduced pressure. The 
cmde product was purified by chromatography on silica gel (10% MeOH/CH2Cl2) affording 
the carbamate 8 (2.1g, 62 %) as a white solid. MS (ESI) 616 (M+Na). 

.20 

Example 8 

Diethylphosphonate 9 To a solution of carbamate 8 (2. 1 g, 3.5 mmol) in CH3CN (50 mL) 
was added CS2CO3 (3.2 g, 9.8 mmol) and diethyltriflate (1.6g, 5.3 mmol). The mixture was 
stirred at room tert5)erature for Ih. After removed the solvent, the residue was partitioned 

25 between EtOAc and saturated NaCL The organic phase was dried over Na2S04, filtered, and 
evaporated under reduced pressiure. The crude product was chromatographed on silica gel 
(1% to 5% MeOH /CH2CI2) to afford the diethylphosphonate 9 as a white solid: NMR 
(CDCI3) 6 8.35 (d, J = 9 Hz, 2H), 7.96 (d, J = 9 Hz. 2H), 7.13 (d, J =8.4 Hz, 2H), 6.85 (d, J = 
8.4 Hz. 2H), 5.63 (d, J = 5.1 Hz, IH), 5.18-5.01 (m, 2H), 4.27-4.17 (m, 6H), 3.94-3.67 (m. 

30 7H), 3.20-2.73 (m, 7H). 1.92-1.51 (m, 3H), 1.35 (t, J = 7.2 Hz, 6H), 0.88-0.85 (m, 6H); ^^P 
NMR (CDCls) 5 19.2; MS (EST) 756 (M+Na). 



Example 9 
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Amine 10 A solution of diethylphoq>honate 9 (1 g) was dissolved in EtOH (100 mL), treated 
with 10% Pd/C (300 mg) and was stirred undea: H2 atmosphere (balloon) for 3h. The reaction 
was purged with N2, and the catalyst was removed by filtration through celite. Aft^ 
evaporation of the filtrate, the residue was triturated with ether and the soKd was collected by 
5 filtration to afford the amine 10 (920 mg, 96%) as a white solid. NMR (CDCfe) NMR 
(CDCk) 6 7.41 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 8,4 Hz, 2H), 6.88 (d, J = 8.4 Hz, 2H), 6.68 (d, 
J = 8.4 Hz, 2H), 5.67 (d, J = 5.1 Hz, IH), 5.13-5.05 (m, 2H), 4.42 (s, 2H), 4.29-4.20 (m, 6H), 
4.00-3.69 (m, 7H), 3.00-2.66 (m, 7H), 1.80-1.69 (m, 3H), 1.38 (m, 6H), 0.94 (d, J = 6.4 Hz, 
3H), 0.86 (d, J = 6.4 Hz, 6H); ^^P NMR (CDCI3) 5 19.4; MS (ESI) 736 (M+Na). 

10 



Compound 


Ri 


R2 


16a 


Gly-Et 


Gly-Et 


16b 


Gly-Bu 


Gly-Bu 


16i 


Phe-Bu 


Phe-Bu 


16k 


NHEt 


NHEt 



Example 10 

Synthesis of Bisamidates 16a. A solution of phosphonic acid 11 (100 mg, 0.15 mmol) L- 
15 alanine ethyl ester hydrochloride (84 mg, 0.6 mmol) was dissolved in pyridine (5 mL) and 
the solvent was distilled under reduced pressure at 40-60°C. The residue was treated vrith a 
solution of PhsP (118 mg, 0.45 mwoT) and 2,2*-dipyridyl disulfide (99 mg, 0.45 mmol) in 
pyridine (1 mL) stiiring for 20h at room ten^^erature. The solvent was evaporated under 
reduced pressure and the residue was chromatographed on silica gel (1% to 5% 2- 
20 propanol/CHaCfe). The purified product was suspended in ether and was evaporated under 
reduced pressure to afford bisamidate 16a (90 mg, 72%) as a white solid: NMR (CDCI3) 
6 7.72 (d, J = 8.7 Hz, 2H), 7.15 (d, J = 8.7 Hz, 2H), 7.01 (d, J = 8.7 Hz, 2H), 6.87 (d, J = 8.7 
Hz , 2H), 5.68 (d, J = 5.1 Hz,, IH), 5.05 (m, IH), 4.25 ( d, J = 9.9 Hz, 2H), 4.19 (q, 4H), 
3.99-3.65 (m overlapping s, 13H,), 3.41 (m, IH), 3.20-2.81 (m, 7H), 1.85-1.60 (m, 3H), L27 
25 (t, J = 7.2 Hz, 6H), 0.93 (d, J = 6.3 Hz, 3H), 0.89 (d, J = 6.3 Hz, 3H); ^^P NMR (CDCI3) 5 
21.8; MS (EST) 843 (M+H). 

Example 1 1 
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Synthesis of Bisamidates 16b. A solution of phosphonic acid 11 (100 mg, 0.15 nnnol) L- 
alanine n-butyl ester hydrochloride (101 mg, 0,6 nomol) was dissolved in pyridine (5 mL) 
and the solvent was distilled under reduced pressure at 40-60°C The residue was treated 
with a sohition of PI13P (118 nog, 0.45 mmol) and 2;2'-dipyridyl disulfide (99 mg, 0.45 mmol) 

I 

5 in pyridine (1 mL) stirring for 20h at room ten^rature. The solvent was evaporated under 
reduced pressure and the residue was chromatographed on silica gel (1% to 5% 2- 
propanol/CH2Cl2). The purified product was suspended in ether and was evai)orated under 
reduced pressure to afford bisamidate 16b (100 mg, 74%) as a white sohd: NMR (CDCI3) 
67J2(d,J = 9Hz,2H), 7.15 (d, J = 9 Hz, 2H), 7.01 (d, J = 9 Hz, 2H), 6.87 (d, J = 9Hz,2H), 
10 5.67 (d, J = 5.4 Hz, IH), 5.05 (m, IH), 4.96 (m, IH), 4.25 (d, J = 9.9 Hz, 2H), 4.1 1 (t, J = 6.9 
Hz, 4H), 3.99-3.71 (m overlapping s, 13H,), 3.41 (na, IH), 3.20-2.80 (m, 7H), 1.87-L60 (m, 
7H), L42 (m, 4H), 0.96-0.88 (m, 12H); NMR (CDCI3) 5 21.8; MS (ESI) 890 (M+H). 

Example 12 

15 Synthesis of Bisamidates 16j. A solution of phosphonic acid 1 1 (100 mg, 0.15 mmol) 

phenylalanine n-butyl ester hydrochloride (155 mg, 0.6 mmol) was dissolved in pyridine (5 
mL) and the solvent was distilled under reduced pressure at 40-60''C. The residue was 
treated with a solution of PhsP (118 mg, 0.45 mmol) and 2,2*-dipyridyl disulfide (99 mg, 0.45 
mmol) in pyridine (1 mL) stirring for 36h at room ten^rature. The solvent was evaporated 

20 under reduced pressure and the residue was chromatographed on siUca gel (1% to 5% 2- 
propano]/CH2Cl2). The purified product was suspended in ether and was evaporated und^ 
reduced pressure to afford bisamidate 16j (106 mg, 66%) as a white solid. ^H NMR 
(CDQa) 8 7.72 (d, J = 8.7 Hz, 2H), 7.31-7.10 (m, 12H), 7.01 (d, J = 9 Hz, 2H), 6.72 (d, J = 
8.7 Hz, 2H), 5.67 (d, J = 5.1 Hz, IH), 5.05 (m, IH), 4.96 (m, IH), 4.35-3.98 (m., 7H), 3.90^ 

25 3.61 (m overlapping s, lOH,), 3.19-2.78 (m, IIH), 1.87-1.25 (m, IIH), 0.96-0.88 (m, 12H); 
NMR (CXOa) 5 19.3; MS (ESI) 1080 (M+H). 

Example 1 ^ 

Synthesis of Bisamidates 16k. A solution of phosphonic acid 11 (80 nag, 0.12 mmol), 
30 ethylamine (0.3 mL,2M in THF, 0.6 mmol) was dissolved in pyridine (5 mL) and the solvent 
was distilled under reduced pressure at 40-60'*C The residue was treated with a solution of 
PbsP (109 mg, 0.42 mmol) and 2,2'-dipyridyl disulfide (93 mg, 0.42 mmol) in pyridine (1 
mL) stirring for 48h at room ten^erature. The solvent was evaporated under reduced 
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pressure and the residue was cbromatograpbed on silica gel (1% to 5% 2-propanol/CH2Cl2). 
The purified product was suspended in ether and was evaporated under reduced pressure to 
afford bisainidate 16k (60 mg, 70%) as a white solid: NMR (CDCfe) 8 7 J2 (d, J = 8.7 
Hz, 2H), 7.15 (d, J = 8.7 Hz, 2H), 7.01 (d, J = 8.7 Hz, 2H), 6.87 (d, J = 8.7 Hz , 2H), 5.67 (d, 
J = 5.1 Hz, IH), 5.05-4.95 (na, 2H), 4.15 ( d, J = 9.6 Hz, 2H), 3.99-3.72 (m overlapping s, 
9H,), 3.18-2.81 (m, IIH), 2.55 (br, IH), 1.85-L65 (m, 3H), 1.18 (t, J = 7.2 Hz, 6H), 0.93 (d, 
J = 6.3 Hz, 3H), 0.89 (d, J = 6.3 Hz, 3H); ^^P NMR (CDQa) 5 21.6; MS (ESI) 749 (M+Na). 



Compound 






30a 


OPh 


Ala-Me 


30b 


OPh 


Ala-Et 


30c 


OPh. 


(D)-Ala-iPr 


30d 


OPh 


Ala-Bu 


30e 


OBn 


Ala-Et 



Monoamidate 30a (RI = OPh, R2 = Ala-Me) To a flask was charged with monophenyl 
phosphonate 29 (75 nog, 0.1 mmol), L-alanine methyl ester hydrochloride (4.0 g, 22 nunol) 
and 1, 3-dicyclohexylcarbodiinQide (84 mg, 0.6 mmol), then pyridine (1 mL) was added und^ 
N2. The resulted mixture was stirred at 60 - 70^C for 2 h, then cooled to room temperature 
and diluted with ethyl acetate. The mixture was filtered and the filtrate was evaporated. The 
residue was partitioned between ethyl acetate and HQ (0.2 N), the ethyl acetate phase was 
washed with water and NaHCOs, dried over Na2S04 filtered and concentrated. The residue 
was purified by chromatography on silica gel (ethyl acetate/hexane 1:5) to give 30a (25 nog, 
30%) as a white sohd. ^H NMR (CDQa) 5 7.72 (d, J = 8.7 Hz, 2H), 7.73-7.24 (m, 5H) 7.19- 
7.15 (m, 2H), 7.01 (d, J = 8.7 Hz, 2H), 6.90-6.83 (m, 2H), 5.65 (d, J = 5.1 Hz, IH), 5.01 (m, 
2H), 4.30 (m, 2H), 3.97-3.51 (m overlapping s, 12H), 3.20-2.77 (m, 7H), 1.81 (m, IH), 1.58 
(m, 3H), 0.92 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); ^^P NMR (CDCI3) 8 20.4 and 
19.3; MS (ESI) 856 (M+Na). 

Example 15 

Monoamidate 30b (RI = OPh, R2 = Ala-Et) was synthesized m the same manner in 35% 
yield. ^H NMR (CDQa) 5 7.72 (d, J = 8.7 Hz, 2H), 7.73-7.24 (m, 5H) 7.19-7.15 (m, 2H), 
7.01 (d, J = 8.7 Hz, 2H), 6.90^.83 (m, 2H), 5.65 (d, J = 5.4 Hz, IH), 5.01 (m, 3H), 4.30 -3.67 
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(m overlapping s, 14H), 3.18-2.77 (m, 7H), 1.81-1.35 (m, 6H), 1.22 (m, 3H), 0.92 (d, J = 6.3 
Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); ''P NMR (CDQa) 5 20.4 and 19.3; MS (ESI) 870 (M+Na). 

Rxam plft 1 6 

Monoamidate 30c (Rl = OPh, R2 = (D>-Ala-iPr) was synthesized in the same manner in 52% 
yield. Isomer A *H NMR (.CDCk) 5 7.72 (d, J = 8.7 Hz, 2H), 7.73-7.24 (m, 5H) 7. 19-7. 15 
(m. 2H), 7.01 (d, J = 8.7 Hz; 2H), 6.90-6.83 (m, 2H), 5.66 (m,, IH), 5.01 (m, 3H). 4.30 -3.67 
(m ovCTlaM>mg s, 14H), 3.18-2.77 (m, 7H), 1.81-1.35 (m, 6H), 1.23 (m, 6H). 0.92 (d, J = 6.3 
Hz. 3H), 0.88 (d, J = 6.3 Hz, 3H); ^*P NMR (CDCk) 8 20.4; MS (ESI) 884 (M+Na). Isomer 
B *H NMR (CDCfe) 6 7.72 (d, J = 8.7 Hz, 2H), 7.73-7.24 (m, 5H) 7.19-7.15 (m, 2H), 7.01 (d, 
J = 8.7 Hz, 2H), 6.90-6.83 (m, 2H), 5.66 (m,, IH), 5.01 (m, 3H), 4.30 -3.67 (m overlapping s, 
14H), 3.18-177 (m, 7H), 1.81-1.35 (m, 6H), 1.23 (m, 6H). 0.92 (d, J = 6.3 Hz, 3H), 0.88 (d, 
J = 6.3 Hz, 3H); '*P NMR (CDCfe) 6 19.3; MS (ESI) 884 (M+Na). 

Hxamplpi 17 

Monoamidate 30d (Rl = OPh, R2 = Ala-Bu) was synthesized in the same manner in 25% 
yield. *H NMR (CDCk) 5 7.72 (d, J = 8.7 Hz, 2H), 7.73-7.24 (m. 5H) 7.19-7.15 (m, 2H), 
7.01 (d, J = 8.7 Hz, 2H). 6.90-6.83 (m, 2H), 5.65 (d, J = 5.4 Hz, IH). 5.01 (m, 3H), 4.30 -3.67 
(m overlapping s, 16H), 3.18-2.77 (m, 7H), 1.81-1.35 (m, 8H), 1.22 (m, 3H), 0.92 (d, J = 6.3 
Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); ^'P NMR (CDQa) 8 20.4 and 19.4; MS (ESI) 898 
(M+Na). 

Exanyle 18 

Monoamidate 30e (Rl = OBn, R2 = Ala-Et) To a flask was charged with monobenzyl 
phosphonate 2 (76 mg, 0. 1 mmol), L-alanine methyl ester hydrochloride (4.0 g, 22 mmol) 
and 1, 3-dicyclohexylcarbodiimide (84 mg, 0.6 mmol), then pyridine (1 mL) was added under 
N2. The resulted mixture was stirred at 60 - 70°C for 2 h, then cooled to room tenq>erature 
and dilated with ethyl acetate. The mixture was filtered and the filtrate was evaporated. The 
residue was partitioned between ethyl acetate and HCl (0.2 N), the ethyl acetate phase was 
washed with water and NaHCOs, dried over Na2S04 filtered and concentrated. The residue 
was purified by chromatography on silica gel (ethyl acetate / hexane 1:5) to give 30a (25 mg, 
30%) as a white solid. *H NMR (CDCI3) 8 7.72 (d, J = 8.7 Hz, 2H). 7.38-7.34 (m, 5H), 7. 13 
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(d, J = 8.7 Hz, 2H), 7.00 (d, J = 8.7 Hz, 2H), 6.86-6.80 (m, 2H), 5.65 (d. J = 5.4 Hz, IH), 
5.15-5.01 (m, 5H). 4.30 -3.67 (m overlapping s, 14H), 3.18-2.77 (m, 7H), 1.81-1.35 (m, 6H). 
1.22 (m. 3H), 0.92 (d, J = 6.3 Hz. 3H). 0.88 (d. J = 6.3 Hz, 3H); ^'P hJMR (CDQa) 5 23.3 
and 22.4; MS (EST) 884 (M+Na). 



ConilKnud 


Ri 


R2 


31a 


OPh 


Lac-iPr 


31b 


OPh 


Lac-Bt 


31c 


OPh 


Lac-Bu 


31d 


OPh 


(R)-Lac-Me 


31e 


OPh 


(R)-Lac-a 



RTampl ^. 19 

Monolactate 31a (RI = OPh, R2 = Lac-iPr): To a flask was charged with monophenyl 
phosphonate 29 (1.5 g, 2 mmol), isopropyl-=(s>lactate (0.88 mL, 6.6 mmol) and 1, 3- 
dicyclohexylcarbodiimide (1.36 g, 6.6 mmol), then pyridine (15 mL) was added under N2. 
The resulted mixture was stirred at 60 - 70''C for 2 h, then cooled to room teir5)erature and 
diluted with ethyl acetate. The mixture was fatored and the filtrate was evaporated. The 
residue was washed with ethyl acetate and the combined organic phase was washed with 
NH4CI, brine and water, dried over Na2S04, filto-ed and concentrated. The residue was 
purified by chronoatography on siHca gel (ethyl acetate / CH2Cb 1:5) to give 31a (1.39g, 
81%) as a white solid. Isomer A 'H NMR (CDQa) 5 7.72 (d, J = 8.7 Hz, 2H), 7.73-7.19 (m, 
5H), 7.15 (d, J = 8.4 Hz, 2H). 7.00 (d, J = 8.7 Hz, 2H), 6.92 (d. J = 8.4 Hz, 2H), 5.65 (d, J= 
5.4 Hz, IH), 5.15-5.00 (m, 4H), 4.56-4.44 (m, 2H), 3.96 -3.68 (m overlapping s, 9H), 3.13- 
2.78 (m, 7H), 1.81-1.23 (m, 6H), 1.22 (m. 6H). 0.92 (d, J = 6.6 Hz, 3H), 0.88 (4 J = 6.6 Hz, 
3H); ^'P NMR (CDCk) 5 17.4; MS (ESI) 885 (M+Na). Isomer B 'H NMR (CDCI3) 5 7.72. 
(d. J = 8.7 Hz, 2H), 7.73-7.1? (m, 5H), 7.14 (d, J = 8.4 Hz, 2H), 7.00 (d. J = 8.7 Hz. 2H), 6.88 
(d, J = 8.4 Hz, 2H), 5.64 (d, J= 5.4 Hz, IH), 5.15-5.00 (m. 4H), 4.53 -4.41 (m, 2H), 3.96 -3.68 
(m overlapping s, 9H), 3.13-2.78 (m. 7H). 1.81-1.23 (m. 6H), 1.22 (m, 6H), 0.92 (d. J = 6.6 
Hz, 3H), 0.88 (d, J = 6.6 Hz, 3H); ^'P NMR (CDCI3) 5 15.3; MS <ESI) 885 (M+Na). 

Examplp. ?.n 

Monolactate 31b (RI = OPh, R2 = Lac-Et) was synthesized m the same manner m 75% yield. 

'H NMR (CDCfe) 5 7.72 (d, J = 8.7 Hz, 2H), 7.73-7.14 (m. 7H), 6.99 (d. J = 8.7 Hz, 2H). 

6.88 (d, J = 8.7 Hz, 2H), 5.63 (m, IH), 5.19-4.95 (m, 3H), 4.44-4.40 (m, 2H), 4.17-4.12 (m. 
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2H), 3.95 -3.67 (m overlapping s, 9H), 3.15-2.77 (m, 7H), 1.81-1.58 (m, 6H), 1.23 (m, 3H), 
0.91 (d, J = 6.6 Hz, 3H), 0.87 (d, J = 6.6 Hz, 3H); ^'P MMR (CDQa) 5 17.5 and 15.4; MS 
(ESI) 872 (M+Na). 

5 Example 21 

Monolactate 31c (Rl = OPh, R2 = Lac-Bu) was synthesized in the same mamet in 58% 
yield. Isomer A MMR (CDQa) 6 7.72 (d, J = 8.7 Hz, 2H), 7.73-7.19 (m, 5H), 7.14 (d, J = 
8.4 Hz, 2H), 7.00 (d, J = 8.7 Hz, 2H), 6.90 (d, J = 8.4 Hz, 2H), 5.63 (d, J= 5.4 Hz, IH), 5.15- 
5.00 (m, 3H), 4.56-4.51 (m, 2H), 4.17-4.10 (m, 2H), 3.95 -3.67 (m overlapping s, 9H), 3.10- 

10 2.77 (m, 7H), 1.81-1.23 (m, lOH), 1.23 (m, 6H), 0.91 (d, J = 6.6 Hz, 3H), 0.87 (d, J = 6.6 Hz, 
3H); ^'P MMR (CDCfe) 6 17.3; MS (ESI) 899 (M+Na). Isomer B ^H MMR (dCls) 5 7.72 
(d, J = 8.7 Hz, 2H), 7.73-7.19 (m, 5H), 7.14 (d, J = 8.4 Hz, 2H), 7.00 (d, J = 8.7 Hz, 2H), 6.90 
(d, J = 8.4 Hz, 2H), 5.64 (d, J= 5.4 Hz, IH), 5.15-5.00 (m, 3H), 4.44 -4.39 (m, 2H), 4.17-4.10 
(m, 2H), 3.95 -3.67 (m overkppmg s, 9H), 3.10-2.77 (m, 7H), 1.81-1.23 (m, lOH), 1.23 (m, 

15 6H), 0.91 (d, J = 6.6 Hz, 3H), 0.87 (d, J = 6.6 Hz, 3H); ^*P NMR (CDOs) 6 15.3; MS (ESI) 
899 (M+Na). 

Example 2*^ 

Monolactate 3 Id (Rl = OPh, R2 = (R)-Lac-Me): To a stirred solution of monophenyl 
20 pho^honate 29 (100 mg, 0.13 mmoQ in 10 mL of IHF at room temp^ture under N2 was 
added methyl-(S)-lactate (54 mg, 0.52 mmoQ and PhsP (136 mg g„ 0.52 mmol), followed by 
DEAD (82{jL, 0.52 mmol). After 2 h, the solvent was removed under reduced pressure, and 
the resulting crude mixture was purified by chromatography on silica gel (ethyl acetate / 
hexane 1:1) to give 31d (33 mg, 30%) as a white soUd. 'H NMR (CDCI3) 6 7.72 (d, J = 8.7 
25 Hz, 2H), 7.73-7. 14 (m, 7H), 6.99 (d, J = 8 J Hz, 2H), 6.88 (d, J = 8.7 Hz, 2H). 5.63 (m, IH), 
5.19-4.95 (m, 3H), 4.44-4.40 (m, 2H), 3.95 -3.64 (moverlappmg s, 12H), 3.15-2.77 (m, 7H), 
1.81-1.55 (m, 4H), 0.91 (d, J = 6.6 Hz, 3H), 0.87 (d, J = 6.6 Hz, 3H); ^'P NMR (CDCI3) 8 
17.4 and 15.3; MS (ESI) 857 (M+Na). 

30 Example 23 

Monolactate 3 le (Rl = OPh, R2 = (R)-Lac-R): To a stirred solution of monophenyl 
phosphonate 29 (50 mg, 0.065 mmol) in 2.5 mL of THE at room ten^erature under N2 was 



-1349- 



wo 03/090690 PCTAJS03/12901 

added ethyl-(s>lactate (31 mg, 0J2 mmpO and PfeP (68 mg g, 0.26 mmo^, followed by 
DEAD (41|iL, 0.52 mmol). After 2 h, the solvent was removed under reduced pressure, and 
the resulting crude mixture was purified by chromatogr^hy on silica gel (ethyl acetate / 
hexane 1:1) to give 31e (28 mg, 50%) as a white soUd. 'H NMR (CDClj) 5 7.72 (d, J = 8.7 
5 Hz, 2H), 7.73-7.14 (m. 7H), 6.99 (d, J = 8.7 Hz, 2H), 6.85(m. 2H), 5.63 (m, IH), 5.19-4.95 
(m, 3H), 4.44-4.40 (m, 2H), 4.17-4.12 (m, 2H), 3.95 -3.67 (m overlapping s, 9H), 3.15-2.77 
(m, 7H), 1.81-1.58 (m, 6H), 1.23 (m. 3H), 0.91 (d, J = 6.6 Hz, 3H), 0.87 (d, J = 6.6 Hz, 3H); 
''P NMR (CDCfe) 5 17.5 and 15.4; MS (ESI) 872 (M+Na). 

10 Exampla 24 

Monolactate 32 (Rl - OBn, R2 = (S)-Lac-Bn): To a stirred solution of monobenzyl 
pbosphonate 2 (76 mg, 0.1 nunol) in 0.5 mL of DMF at room temperature under N2 was 
added benzyl-(s)-lactate (27 mg, 0.15 mmol) and PyBOP (78 mg, 0.15mmol), followed by 
DIEA (70pL, 0.4 mmoQ. After 3 h, the solvent was removed under reduced pressure, and the 

15 resulting crude mixture was purified by chromatography on silica gel (ethyl acetate / hexane 
1:1) to give 32 (46 mg, 50%) as a white soKd. 'H NMR (CDCI3) 5 7.72 (d, J = 8.7 Hz, 2H), 
7.38-7.44 (m, lOH), 7.13 (d, J = 8.4 Hz, 2H), 6.99 (d, J = 8.7 Hz, 2H), 6.81(ni, 2H), 5.63 (d, J 
= 5.1 Hz, IH), 5.23-4.92 (m, 7H), 4.44-22 (m, 2H), 3.96 -3.67 (m overlapping s, 9H), 3.15- 
2.77 (m, 7H), 1.81-1.58 (m, 6H), 0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); ^'P NMR 

20 (CDCI3) 5 20.8 and 19.6; MS (ESI) 947 (M+Na). 

Example 25 

Monolactate 33 (Rl = OBn, R2 = (R>Lac-Bn): To a stirred solution of monobenzyl 
phosphonate 2 (76 rag, 0. 1 mmol) in 5 mL of THF at room ten^rature under N2 was added 

25 ben2yl-(s)-lactate (72 mg, 0.4 mmol) and PhsP (105 mg g, 0.4mmol), followed by DEAD 
(60^, 0.4 mmoJO' After 20 h, the solvent was removed under reduced pressure, and the 
resulting crude mixture was purified by chromatography on silica gel (ethyl acetate / hexane 
1:1) to give 33 (44 mg, 45%) as a white soUd. *H NMR (CDCfe) 6 7.72 (d, J = 8.7 Hz, 2H), 
7.38-7.44 (m, lOH), 7.13 (m. 2H), 6.99 (d, J = 8.7 Hz, 2H), 6.81(m, 2H), 5.63 (m, IH), 5.23- 

30 4.92 (m. 7H), 4.44-22 (m, 2H), 3.96 -3.67 (m overlapping s, 9H), 3. 15-2.77 (m, 7H), 1.81- 
1.58 (m, 6H), 0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); ''P NMR (CDCI3) 5 20.8 
and 19.6; MS (ESI) 947 (M+Na). 
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Example 0« 

Monophosphonic acid 34: A solution of monobenzyllactate 32 (20 mg) was dissolved in 
EtOH/ EtOAc (3 mL/1 mL), treated with 10% Pd/C (4 mg) and was stirred under H2 
atmosphere (balloon) for 1.5 h. The catalyst was removed by filtration through celite. The 
filtered was evaporated under reduced pressure, the residue was triturated with eth» and the 
solid was collected by filtration to afford the monophosphonic acid 33 (15 n^, 94%) as a 
white solid. NMR (CD3OD) 6 7.76 (d, J = 8.7 Hz, 2H), 7.18 (d. J = 8.7 Hz, 2H), 7.08 (d, J 
= 8.7 Hz, 2H), 6.90 (d, J = 8.7 Hz, 2H), 5.69 (d, J = 5.7 Hz, IH), 5.03-4.95 (m, 2H), 4.20 (m, 
2H), 3.90 -3.65 (m overlapping s, 9H), 3.41 (m, 2H), 3.18-2.78 (m, 5H), 2.44 (m, IH), 2.00 
(m, IH), 1.61-1.38 (m. 5H), 0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); ^*PNMR 
(Ca>30D) 5 18.0; MS (ESI) 767 (M+Na). 

Exanyle 27 

Monophosphonic acid 35: A solution of monobenzyllactate 33(20 mg) was dissolved in 
EtOH (3 mL), treated with 10% Pd/C (4 mg) and was stirred under H2 atmosphere (balloon) 
forlh. The catalyst was removed by filtration through celite. The filtered was evaporated 
under reduced pressure, the residue was triturated with etha: and the solid was collected by 
filtration to afford the monophosphonic acid 35 (15 mg, 94%) as a white solid. 'H NMR 
(CD3OD) 5 7.76 (d, J = 8.7 Hz, 2H), 7.18 (d, J = 8.7 Hz, 2H), 7.08 (d, J= 8.7 Hz, 2H), 6.90 
(d, J = 8.7 Hz, 2H), 5.69 (d, J = 5.7 Hz, IH), 5.03-4.95 (m, 2H), 4.20 (m, 2H), 3.90 -3.65 (m 
overlapping s, 9H), 3.41 (m, 2H), 3.18-Z78 (m, 5H), 2.44 (m, IH), 2.00 (m, IH), 1.61-1.38 
(m, 5H), 0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); ^'P NMR (CP3OD) 5 18.0; MS 
(BSD 767 (M+Na). 

Example 28 

Synthesis of Bislactate 36: A solution of phosphonic acid 11 (100 mg, 0.15 mmol) isopropyl- 
(S)-lactate (79 mg, 0.66 mmol) was dissolved in pyridine (1 mL) and the solvent was 
distilled under reduced pressure at 40-60°C. The residue was treated with a sohition of Pl^ 
(137 mg, 0.53 mmol) and 2,2'-dipyridyl disulfide (116 mg, 0.53 mmol) in pyridine (1 mL) 
stirring for 20h at room ten5)erature. The solvent was evaporated under reduced pressure and 
the residue was chromatographed on silica gel (1% to 5% 2-propanol/CH2C]2). The purified 
product was suspended in ether and was evaporated under reduced pressure to afford 

-1351- 



wo 03/090690 



PCT/DS03/12901 



bislactate 36 (42 mg, 32%) as a white solid: NMR (COaa) 5 7.72 (d, J = 8.7 Hz, 2H), 
1. 14 (d, J = 8.7 Hz, 2H), 7.01 (d, J = 8.7 Hz, 2H), 6.89 (d, J = 8.7 Hz, 2H), 5.66 (d, J = 5.1 
Hz, IH), 5.05 (m, 3H), 4.25 ( d, J = 9.9 Hz, 2H), 4.19 (q, 4H), 3.99-3.65 (m overlapping s, 
9H,), 3.41 (m, IH), 3.20.2.81 (m, 7H), 1.85-1.60 (m, 3H),1.58 (m. 6H), 1.26 (m, 12H), 0.93 
5 (d, J = 6.3Hz,3H), 0.89(d, J = 6.3Hz,3H);^^PNMR(CDCl3)52Ll;MS(ESI)923 
(M+Na). 

Example 29 

Triflate derivative 1: A THF-CH2Cfe solution (3QmL-10 noL) of 8 (4 g, 6.9 mmol), cesium 
10 carbonate (2.7 g, 8 mmoQ, and N-phenyltrifluoromethane sulfonimide (2.8 g, 8 mmol) was 
reacted ov^night. The reaction mixture was worked up, and concentrated to dryness to give 
crude triflate derivative 1. 

Aldehyde 2: Crude triflate 1 (4.5 g, 6.9 mmole) was dissolved in DMF (20 mL), and the 
15 solution was degassed (high vacuum for 2 min, Ar purge, repeat 3 times). Pd(OAc)2 (0. 12 g, 
0.27 mmol), and bis(diphenylphosphino)propane (dppp, 0.22 g, 0:27 mmol) were added and 
the solution was heated to 70°C. Carbon monoxide was rapidly bubbled through the solution, 
then under 1 atmosphere of carbon monoxide. To this solution were slowly added TEA (5.4 
mL, 38 mmol), and triethylsilane (3 ml^ 18 mmol). The resulting solution was stirred 
20 overnight at room tenoperature. The reaction mixture was woiked up, and purified on silica 
gel column chromatograph to afford aldehyde 2 (2.1 g, 51%). (Hostetler, et aL J. Org. Chem., 
1999. 64, 178-185). 

Lactate prodrug 4: ConQ)ound 4 is prepared as described above procedure for 3a-e by the 
25 reductive amination between 2 and 3 with NaBHsCN in 1,2-dichloroethane in the presence of 
HOAc. 
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Preparation Of compound 3 Diethyl (cyano(din)ethyl)methyl) phosphonate 5: ATHF 

solution (30 mL) of NaH (3.4 g of 60% ofl dispersion, 85 nimole) was cooled to -10°C, 

foflowed by the addition of diethyl (cyanomethyl)phosphonate (5g, 28.2 nunol) and 

iodomethane (17 g, 1 12 mmol). The resulting solution was stirred at -10°C for 2 hr, then 0°C 

for 1 hr, was worked up, and purified to give dimethyl derivative 5 (5 g, 86%). 

Dietyl (2-amino-l,l-diemthyl-ethyl)phosphonate 6: Cbmpound 5 was reduced to amine 

derivative 6 by the described procedure (J. Med. Chem. 1999, 42, 5010-5019). 

A ethanol (150 mL) and IN HQ aqueous solution (22 mL) of 5 (2.2 g, 10.7 mmoO was 

hydrogenated at 1 atmosphere in the presence of Pt02 (1.25 g) at room temperature 

overnight. The catalyst was fUtered through a celite pad. The filtrate was concentrated to 

dryness, to give crude 6 (2.5g, as HQ salt). 



2-Amino-l,l-dimethyl-ethyl phosphonic acid 7: A CH3CN (30 mL) of crude 6 (2.5 g) was 
cooled to OX and treated with TMSBr (8 g, 52 mmol) for 5 hr. The reaction mbcture was 
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stkred with methanol for 1.5 hr at room teii5)erature, conmitrated, recharged with methanol, 
concentrated to dryness to give crude 7 which was used for next reaction without furtho' 
purificatioiL 

Lactate phenyl (2-annno-l,l-diemthyl'ethyl)phosphonate 3: Compound 3 is synthesized 
according to the procedures described in a previous scheme for the preparation of a lactate 
phenyl 2-aininoethyl phosponate. Con^und 7 is protected with CBZ, followed by the 
reaction with thionyl chloride at l(fC. The CBZ protected dichlorodate is reacted phenol in 
the presence of DIPEA. Renooval of one phenol, follow by coupling with ethyl L-lactate 
leads N-QBZ-2-airuno-l,l-din»ethyl-ethyl phosphonated derivative. Hydrogenation of N- 
CBZ derivative at 1 atmosphere in the presence of 10% Pd/C and 1 equivalent of TFA affords 
conapound 3 as TFA salt. 
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Scheme 3 
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Scheme 4 
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Scheme 5 



H ^ 



(1) TFA, CH2CI2 



(2)CI02S-^_^CHO 
TEA, CH2CI2 




GS 2781 14 



EtOAc, r.t. * V^'V ° 

19 'LAq. 



Ah 



(1) BSA. CHaCN. reflux 

(2) Moiphollne, NaBHsCN ' 

HOAc, EtOAc 




H 9" 



O X 

d OH 

20 (GS 278118) R = OH 



21 (GS 2781 17) R = N_JD 

Example 1 

Cbz Amide 1: To a suspension of epoxide (34 g, 92.03 mmol) ia 2-propanol (300 mL) was 
added isobutylamine (91.5 mL, 920 mmo^ and the solution was refluxed for 1 h. The 
solution was evaporated under reduced pressure and the crude solid was dried under vacuum 
to give the amine (38.7 g, 95%) which was dissolved in 08202 (300 mL) and cooled to O^C 
Triethylamine (18.3 mL, 131 mmol) was added followed by the addition of benzyl . 
chloroformate (13.7 mL, 96.14 mmol) and the solution was stirred for 30 min at 0**C, warmed 
to room tenoporature overnight, and evaporated under reduced pressure. The residue was 
partitioned between EtOAc and 0.5 M H3P04- The organic phase was washed with saturated 
NaHCOs, brine, dried with Na2S04, filtered, and evaporated under reduced pressure. The 
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crude product was purified by column chromatography on silica gel (iy2-EtOAc/hexane) to 
give the Cbz amide (45.37 g, 90%) as a white sohd. 



10 



Examplft 7. 

Amine 2: A solution of Cbz amide 1 (45.37 g, 78.67 mmol) in CHzCk (160 mL) at 0*C was 
treated with trifluoroacetic acid (80 mL). The sotation was stirred for 30 min at O'C and then 
warmed to room ten?)CTature for an additional 30 min. Volatfles were evaporated under 

reduced pressure and the residue was partitioned between EtOAc and 0.5 NNaOH. The 
organic phase was washed with 0.5 N NaOH (2 x), water (2 x). saturated NaCl, dried with 
N^S04, filtared, and evaporated under reduced pressure to give the amine (35.62 g, 95%) as 
a white sohd. 



15 



20 



25 



30 



Carbamate 3: To a sohition of amine 2 (20.99 g, 44.03 mmol) in dfeCN (250 mL) at O'C 
was treated with (3R, 3aR, 6aS>hexahydrofuio[2, 3-i>]fuian-2-yl 4-nitrophenyl carbonate 
(13.00 g, 44.03 mmol, prepared according to Ghosh et aL J. Med. Chem. 1996, 39, 3278.), 
iV,iV-diisopropylethylamine (15.50 mL, 88.06 mmol) and 4-dimethylaminopyridine (1.08 g, 
8.81 namol). The reactton mixture was stirred at 0°C for 30 min and then warmed to room 
tempeiatme ovanight. The reaction solvent was evaporated under reduced pressure and the 
residue was partitioned between EtOAc and 0.5 N NaOH. The organic phase was washed 
with 0.5 N NaOH (2 x), 5% citric acid (2 x), saturated NaHCOj, dried with Na2S04. filtered, 
and evaporated under reduced pressure. The crude product was purified by cohimn 
chromatography on silica gel (3% 2-propanoVCH2Cl2) to give the carbamate (23.00 g, 83%) 
as a white solid. 



Example 4 

Amine 4: To a sohition of 3 (23.00 g, 36.35 mmol) in EtOH (200 mL) and EtOAc (50 mL) 
was added 20% Pd(0H)2/C (2.30 g). The suspension was stirred under Hj atmosphere 
(balloon) at room tempMature for 3 h. Hie reaction mixture was filtered through a plug of 
celite. The filtrate was concentrated and dried under vacuum to give the amine (14.00 g, 
94%) as a white solid. 



Example 5 
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Phenol 5: To a solution of amine 4 (14.00 g, 34.27 mmol) in H2O (80 mL) and 1,4-dioxane 
(80 mL) at O'^C was added NaaCOa (5.09 g, 47.98 mmol) and di-/ert-butyl dicarbonate (8.98 
g» 41.13 mmol). The reaction nGdxtme was stirred at 0°C for 2 h and then warmed to room 
tenq>^ature for 30 min. The residue was partitioned between BtOAc and H2O. The organic 
S layer was dried with Na2S04, filtered, and concentrated. The crude product was purified by 
column chromatography on silica gel (3% MeOH/CH2Cl2) to give the phenol (15.69 g, 90%) 
as a white solid. 

Example 6 

10 Dibenzylphosphonate 6: To a sohition of phenol 5 (15.68 g, 30.83 mmol) in CH3CN (200 
mL) was added CS2CO3 (15.07 g, 46.24 mmol) and triflate (17.00 g, 40.08 mmol). The 
reaction mixture was stirred at room tenq)erature for 1 h, the salt was filtered o^ and the 
solvent was evaporated under reduced pressure. The residue was partitioned between EtOAc 
and saturated Nad Hie organic phase was dried with Na2S04, filtered, and evaporated 

IS under reduced pressure. The crude product was purified by column chromatography on silica 
gel (3% 2-propanol/CH2Cl2) to give the dibenzylphosphonate (15.37 g, 73%) as a white solid. 

Example 7 

Sulfonamide 7: A solution of dibenzylphosphonate 6 (0.21 g, 0.26 mmol) in CH2CI2 (0.5 
20 mL) at 0°C was treated with trifluoroacetic acid (0.25 mL). The solution was stirred for 30 
min at O^C and then warmed to room tenq>erature for an additional 30 min. The reaction 
mixture was diluted with toluene and concentrated under reduced pressure. The residue was 
co-evaporated with toluene (2 x), chloroform (2 x), and dried under vacuum to give the 
ammonium triflate salt which was dissolved in CH2CI2 (3 mL) and cooled to 0°C, 
25 Triethylamine (0.15 mL, 1.04 mmol) was added followed by the treatment of 

benzenesulfonyl chloride (47 mg, 0.26 mmol). The solution was stirred for 1 h at O^C and the 
inroduct was partitioned between CH2Q2 and saturated NaHCOs. The organic phase was 
washed with saturated NaCl, dried with Na2S04, filtered, and evaporated under reduced 
pressure. The crude product was purified by cohunn chromatography on silica gel (3% 2- 
30 propanol/CH2a2) to give the sulfonamide 7 (0.12 g, 55%, GS 191477) as a white solid: 

^HNMR (CDCh) 5 7.79 (dd, 2H), 7.61-7.56 (m, 3H), 7.38-7.36 (m, lOH), 7.13 (d, J = 8.4 Hz, 
2H), 6.81 (d, J = 8.4 Hz, 2H), 5.65 (d, J = 5.4 Hz, IH), 5.18 (m, 4H). 5.05 (m, IH). 4.93 (d, J 
= 8.7 Hz, IH), 4.20 (d, J = 10.2 Hz, 2H), 4.0-3.67 (m, 7H), 3.15«2.8 (m, 7H), 1.84 (m, IH), 
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1.65-1.59 (m. 2H), 0.93 (d, J = 6.6 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); ^'P NMR (CDCfe) 5 
20.36. 

Rxanriplft R 

5 PhosphDnic Acid 8: To a sohitioii of 7 C70 mg, 0.09 mmol) in MeOH (4 mL) was added 10% 
Pd/C (20 Bag). Hie suspension was stirred under Hj atmosphere (balloon) at room 
ten5>eTature overnight. The reaction mixture was filtered through a phig of celite. The 
filtrate was concentrated and dried under vacuum to give the phosphonic acid (49 mg, 90% 
GS 191478) as a white soUd: 'HNMR (CD3OD) 6 7.83 (dd, 2H), 7.65-7.56 (m, 3H), 7.18 (d, J 
10 = 8.4 Hz, 2H), 6.91 (d, J = 7.8 Hz. 2H), 5.59 (d, J = 5.4 Hz, IH), 4.96 (m. IH), 4.15 (d, J = 
9.9 Hz, 2H), 3.95-3.68 (m, 6H), 3.44 (dd, 2H), 3.16 (m, 2H), 2.99-2.84 (m, 4H), 2.48 (m, 
IH), 2.02 (m, IH), 1.6 (m, IH), 1.37 (m, IH). 0.93 (d, J = 6.3 Hz, 3H), 0.87 (d, J = 6.3 Hz, 
3H); ^'P NMR (CD3OD) 6 17.45. 

15 Example 9 

Sulfonamide 9: A solution of dibenzylphosphonate 6 (0.24 g, 0.31 mmol) in CRzCk (0.5 
mL) at O^C was treated with trifluoroacetic acid (0.25 mL). The solution was stirred for 30 
min at 0*^C and then warmed to room temperature for an additional 30 miiL The reaction 
mixture was diluted with toluene and concentrated mider reduced pressure. The residue was 

20 co-evaporated with toluene (2 x), chloroform (2 x), and dried und^ vacuum to give the 
ammonium triflate salt which was dissolved in CH2CI2 (3 mL) and cooled to 0°C. 
Triethylamine (0.17 mL, 1.20 mmol) was added followed by the treatment of 4- 
cyanobenzenesulfonyl chloride (61.4 mg, 0.30 mmol). The solution was stirred for 1 h at O^C 
and the product was partitioned between CH2CI2 and saturated NaHCOj. The organic phase 

25 was washed with saturated NaCl, dried with Na2S04, filtered, and evaporated under reduced 
pressure. The crude product was purified by cohinm chromatogr^hy on silica gel (3% 2- 
propanol/CHaCfc) to give the sulfonamide 9 (0.20 g, 77%, GS 191717) as a white solid: ^H 
NMR (CX>Cl3) 6 7.90 (d, J = 8.4 Hz, 2H), 7.83 (d, J = 7.8 Hz, 2H), 7.36 (m, lOH). 7.11 (d, J = 
8.4 Hz, 2H). 6.82 (d, J = 8.7 Hz, 2H), 5.65 (d, J = 5.4 Hz, IH), 5.2-4.9 (m, 5H), 4.8 (d, IH), 

30 4.2 (d, J = 9.9 Hz, 2H), 3.99 (m IH), 3.94 (m, 3H), 3.7 (m, 2H), 3.48 (broad, s, IH), 3.18- 
2.78 (m, 7H), 1.87 (m, IH), 1.66-1.47 (m, 2H), 0.91 (d, J = 6.3 Hz, 3H), 0.87 (d, J = 6.3 Hz, 
3H); ^'P NMR (CDCI3) S 20.3.. 
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Example 10 

Sulfonamide 10: A solution of dibenzylphosphonate 6 (0.23 g, 0.29 mmol) in CH2CI2 (0.5 
mL) at 0°C was treated with trifluoroacetic acid (0.25 mL). The solution was stirred for 30 
min at 0°C and th«i warmed to room temperature for an additional 30 min. The reaction 
mixture was dilated with toluene and concentrated under reduced pressure. The residue was 
co-evaporated with toluene (2 x), chloroform (2 x). and dried undo: vacuum to give the 
ammonium triflate salt which was dissolved in CH2a2 (3 mL) and cooled to 0°C. 
Triethylamine (0.16 mL, 1.17 mmol) was added followed by the treatment of 4- 
trifluoromethyl benzenesulfbnyl chloride (72 mg, 0.29 mmol). The solution was stirred for 1 
h at O^'C and the product was partitioned- between CH2CI2 and saturated NaHCC^. The 
organic phase was washed with saturated NaQ, dried with Na2S04, filtered, and evaporated 
under reduced pressure. The crude product was purified by cohmm chromatography on silica 
gel (3% 2-propano]/CH2Cl2) to give the sulfonamide (0.13 g, 50%, GS 191479) as a white 
soUd: NMR (CDCfe) 6 7.92 (d, J = 8.1 Hz, 2H), 7.81 (d, J = 8.1 Hz, 2H), 7.36 (m, lOH). 
7.12 (d, J = 8.4 Hz, 2H), 6.81 (d, J = 8.4 Hz, 2H), 5.65 (d, J = 5.1 Hz, IH), 5.204.89 (m, 6H), 
4.20 (d, J = 9.9 Hz, 2H), 3.95 (m, IH), 3.86 (m, 3H), 3.71 (m, 2H), 3.19-2.78 (m, 7H), 1.86 
(m, IH), 1.65 (m, 2H), 0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); ^^P NMR (CDCI3) 5 
20.3. 

Examplft 1 1 

Phosphonic Acid 11: To a solution of 10 (70 mg, 0.079 mmol) in MeOH (4 mL) was added 
10% Pd/C (20 nag). The suspension was stirred under H2 atmosphere (balloon) at room 
temperature overnight. Thereactionmixture was filtered through a plug of celite. The 
filtrate was concentrated and dried imder vacuum to giye the phosphonic acid (50 mg, 90%, 
GS 191480) as a white soh± ^H NMR (CD3OD) 6 8.03 (dd, 2H), 7.90 (dd, 2H), 7.17 (d, J = 
8.1 Hz, 2H), 6.91 (d, J = 7.8 Hz, 2H), 5.59 (d, J = 5.7 Hz, IH), 4.94 (m, IH), 4.15 (d, J = 10.2 
Hz, 2H), 3.94-3.72 (m, 6H), 3.48 (m, IH), 3.2-3.1 (m, 3H), 3.0-2.9 (m, 2H), 2.47 (m, IH), 
2.06 (m, IH), 1.56 (m, IH), 1.37 (m, IH), 0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); 
^^P NMR (CD3OD) 5 17.5. 
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Example 12 

Sulfonamide 12; A solution of dibenzylphosphonate 6 (0.23 g, 0*29 mmol) in CH2CI2 (0.5 
xnL) at 0**C was treated with trifluoroacetic acid (0.25 mL). The solution was stirred for 30 
min at O^C and then warmed to room temperature for an additional 30 min. The reaction 
mixture was diluted with toluene and concentrated under reduced pressure. The residue was 
co-evaporated with toluene (2 x), chloroform (2 x), and dried under vacuimi to give the 
ammonium triflate salt which was dissolved in CH2CI2 (3 mL) and cooled to 0°C. 
Triethylamine (0.16 mL, 1.17 mmol) was added followed by the treatment of 4- 
fluorobenzenesulfonyl chloride (57 mg, 0.29 mmol). The solution was stirred for 1 h at O'^C 
and the product was partitioned between CH2CI2 and saturated NaHCOs. The organic phase 
was washed with saturated NaCl, dried with Na2S04, filtered, and ev^orated under reduced 
pressure. The crude product was purified by column chromatography on silica gel (3% 2- 
propano]/CH2a2) to give the sulfonamide (0.13 g, 55%, GS 191482) as a white solid: 
NMR (CDCI3) 5 7.81 (m, 2H), 7.38 (m, lOH), 7.24 (m, 2H), 7.12 (d, J = 8.1 Hz, 2H), 6.82 (d, 
J = 8.4 Hz, 2H), 5.65 (d, J = 5.4 Hz, IH), 5.17 (m, 4H), 5.0 (m, IH), 4.90 (d, IH), 4.20 (d, J = 
9.9 Hz, 2H), 3.97 (m, IH), 3.86 (m, 3H), 3.73 (m, 2H), 3.6 (broad, s, IH), 3.13 (m, IH), 3.03- 
2.79 (m, 6H), 1.86 (m, IH), 1.66-1.58 (m, 2H), 0.92 (d, J = 6.6 Hz, 3H), 0.88 (d, J = 6.6 Hz, 
3H); ^^P NMR (CDCfe) 5 20.3. 



Example 13 

Phosphonic Acid 13: To a sohition of 12 (70 mg, 0.083 mmol) in MeOH (4 mL) was added 
10% Pd/C (20 mg). The suspension was stirred under H2 atmosphere (balloon) at room 
ten5)erature overnight. Hie reaction mixture was filt^ed through a plug of celite. The 
filtrate was concentrated and dried under vacuum to give the phosphonic acid (49 mg, 90%, 
GS 191483) as a white soKd: ^H NMR (CD3OD) 5 7.89 (m, 2H), 7.32 (m, 2H), 7.18 (d, J = 
8.4 Hz, 2H), 6.9 (d. j = 8.1 Hz, 2H), 5.59 (d, J = 5.1 Hz, IH). 4.94 (m, IH), 4.16 (d, J = 9.9 
Hz, 2H), 3.94 (m, IH), 3.85-3.7 (m, 5H), 3.43 (dd, IH), 3.15-2.87 (m, 5H). 2.48 (m, IH). 
2.03 (m, IH), 1.59-1.36 (m, 2H), 0.93 (d, J = 6.3 Hz, 3H), 0.87 (d, J = 6.3 Hz. 3H); NMR 
(CD3OD) 8 17.5. 

Example 14 
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Sulfonamide 14: A solution of dibenzylphosphonate 6 (0.21 g, 0.26 mmol) in CHaQa (0.5 
mL) at 0**C was treated with trifluoioacetic acid (0.25 naL). The solution was stirred for 30 
min at O^C and then warmed to room temperature for an additional 30 min. The reaction 
mixture wais diluted with toluene and concentrated under reduced pressure. The residue was 
co-evaporated with toluene (2 x), chloroform (2 x), and dried under vacuum to give the 
ammonium triflate salt which was dissolved in CH2a2 (3 mL) and cooled to O^'C. 
Triethylamine (0.15 mL, 1.04 mmol) was added followed by the treatment of 4- 
tiifluorometho3Q?benzenesulfonyl chloride (69 mg, 0.26 mmol). The sohition was stirred for 
1 h at O'^C and the product was partitioned between CHzCh and saturated NaHCOa. The 
organic phase was washed with saturated NaQ, dried with Na2S04, filtered, and evaporated 
under reduced pressure. The crude product was purified by column chromatography on silica 
gel (3% 2-propano]/CH2a2) to give the sulfonamide (0.17 g, 70%, GS 191508) as a white 
solid: NMR (CDCI3) 5 7.84 (d, J = 9 Hz, 2H), 7.36 (m, 12H), 7.12 (d, J = 8.7 Hz. 2H), 
6,81 (d, J = 8.7 Hz, 2H), 5.65 (d, J = 5.4 Hz, IH), 5.16 (m, 4H), 5.03 (m, IH), 4.89 (d, IH), 
4.2 (d, J = 9.9 Hz, 2H), 3.97 (m, IH), 3.85 (m, 3H), 3.7 (m, 2H), 3.59 (broad, s, IH), 3.18 (m, 
IH), 3.1-3.0 (m. 3H), 2.96-2.78 (m, 3H). 1.86 (m, IH). 1.66-1.5 (m, 2H), 0.93 (d, J = 6.6 Hz, 
3H), 0.88 (d, J = 6.6 Hz, 3H); NMR (CDCI3) 5 20.3. 

Example 15 

Phosphonic Acid 15: To a solution of 14 (70 mg, 0.083 mmol) in MeOH (4 mL) was added 
10% Pd/C (20 mg). The suspension was stirred under H2 atmosphere (balloon) at room 
tenqjerature overnight. The reaction mixture was filtered through a plug of celite. Hie 
filtrate was concentrated and dried under vacuum to give the phosphonic acid (50 mg, 90%, 
GS 192041) as a white soKd: *H NMR (CD3OD) 5 7.95 (dd, 2H), 7.49 (dd, 2H), 7.17 (dd, 
2H), 6.92 (dd, 2H), 5.58 (d, J = 5.4 Hz, IH), 4.89 (m, IH), 4.17 (d. J = 9 Hz, 2H), 3.9 (m, 
IH), 3.82-3.7 (m, 5H), 3.44 (m, IH), 3.19-2.9 (m, 5H), Z48 (m, IH), 2.0 (m. IH), 1.6 (m, 
IH), 1.35 (m, IH), 0.93 (d, J = 6.0 Hz, 3H), 0.88 (d, J = 6.0 Hz, 3H); ^'P NMR (CD3OD) S 
17.4. 

Example 1 6 

Sulfonamide 16: A solution of dibenzyj^hosphonate 6 (0.59 g, 0.76 mmol) in CH2CI2 (2.0 
mL) at O^C was treated with trifluoroacetic acid (1.0 mL). The sohition was stirred for 30 
min at 0°C and then wanned to room torperature for an additional 30 mni. Tbt reaction 
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mixture was diluted with tohene and concentrated under reduced pressure. The residue was 
co-evaporated with toluene (2 x), chloroform (2 x), and dried under vacuum to give the 
ammonium triflate salt which was dissolved in CH2a2 (3 mL) and cooled to 0°C. 
Triethylamine (0.53 mL, 3.80 namol) was added followed by the treatment of hydrogen 
chloride salt of 3-pyridinylsulfonyl chloride (0.17 g, 0.80 mmol, prq)ared according to 
Karaman, R. et aL J. Am. C3ienL Soc 1992, 114, 4889). The sobtion was stirred for 30 min 
at 0°C and wamtied to room tenqjerature for 30 min. The product was partitioned between 
CH2a2 and saturated NaHCXDs. The organic phase was washed with saturated NaCl, dried 
with Na2S04, filtered, and evaporated under reduced pressure* The crude product was 
purified by cohimn chromatography on silica gel (4% 2-propanol/CH2Cl2) to give the 
sulfonamide (0.50 g, 80%, GS 273805) as a white sohd: NMR (CDCk) 5 9.0 (d, J = 1.5 
Hz, IH), 8.8 (dd, IH), 8.05 (d, J = 8.7 Hz, IH), 7.48 (m, IH), 736 (m, lOH), 7.12 (d, J = 8.4 
Hz, 2H), 6.82 (d, J = 9.0 Hz, 2H), 5.65 (d, J = 5.1 Hz, IH), 5.18 (m, 4H), 5.06 (m, IH). 4.93 
(d, IH), 4.21 (d, J = 8.4 Hz, 2H), 3.97 (m, IH). 3.86 (m, 3H), 3.74 (m, 2H), 3.2 (m, IH), 3.1- 
2.83 (m, 5H), 2.76 (m, IH). 1.88 (m, IH), 1.62 (m, 2H), 0.92 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 
6.3 Hz, 3H); ^^P NMR (CDCk) 5 20.3. 

Phosphonic Acid 17: To a solution of 16 (40 mg, 0.049 imnol) in MeOH (3 mL) and AcOH 
(1 mL) was added 10% Pd/C (10 mg). The suspension was stirred under H2 atmosphere 
(balloon) at room temperature overnight. The reaction mixture was filtered through a plug of 
celite. The filtrate was concentrated and dried under vacuxun to give the phosphonic acid (28 
mg, 90%, GS 273845) as a white sohd: ^H NMR (CD3OD) 5 8.98 (s, IH), 8.77 (broad, s, 
IH), 8.25 (dd, IH), 7.6 (m, IH), 7.15 (m, 2H), 6.90 (m. 2H), 5.6 (d, J = 5.4 Hz, IH), 4.98 (m, 
IH), 4.15 (d, 2H), 3.97-3.7 (m, 6H), 3.45-2.89 (m, 6H), 2.50 (m, IH), 2.0 (m, IH), 1.6-1.35 
(m, 2H), 0,9 (m, 6H). 

Exanyle 18 

Sulfonamide 18: A sohition of dibenzylphosphonate 6 (0.15 g, 0.19 mmol) in CH2CI2 (0.60 
mL) at 0°C was treated with trifluoroacetic acid (0.30 mL). The sohition was stirred for 30 
min at O^C and then warmed to room ten5)erature for an additional 30 mm. The reaction 
mixture was diluted with toluene and concentrated under reduced pressure. The residue was 
co-evaporated with toluene (2 x), chloroform (2 x), and dried under vacuum to give the 
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anuDonium triflate salt which was dissolved in CH2Q2 (2 mL) and cooled to O^C. 
Triethylamine (0. 1 1 mL, 0.76 mmol) was added followed by the treatment of 4- 
formylbenzenesulfonyl chloride (43 mg, 0.21 mmol). The solution was stirred for 30 min at 
0°C and warmed to room ten^perature for 30 min. The product was partitioned between 

5 CH2Q2 and saturated NaHCOs. The organic phase was washed with saturated NaCl, dried 
with Na2S04, filtered, and evq>orated under reduced pressure. The crude product was 
purified by column chromatography on silica gel (3% 2-propanol/CH2Q2) to give the 
sulfonamide (0.13 g, 80%, GS 2781 14) as a white sofid: 'H NMR (CDCfe) 5 10.1 (s, 11^, 
8.04 (d, J = 8.1 Hz, 2H), 7.94 (d, J = 8.1 Hz, 2H). 7.35 (m, lOH), 7.13 (m, J = 8.1 Hz, 2H), 
10 6.82 (d, J = 8.1 Hz, 2H), 5.65 (d, J = 5.4 Hz, IH), 5.17 (m, 4H), 5.06 (m, IH), 4.93 (m, IH), 
4.2 (d, J = 9.9 Hz, 2H), 3.94 (m, IH), 3.85 (m, 3H), 3.7 (m, 2H), 3.18-2.87 (m, 5H), 2.78 (m, 
IH), 1.86 (m, IH), 1.67-1.58 (m, 2H), 0.93 (d, J = 6.6 Hz, 3H), 0.88 (d, J = 6.6 Hz, 3H); ^^P 
NMR (CDQa) 5 20.3. 

15 RxaninTftlO 

Phosphonic Acid 19: To a solution of 18 (0.12 g, 0.15 mmol) in EtOAc (4 mL) was added 
10% Pd/C (20 mg). The suspension was stiired under Hz atmosphere (balloon) at room 
. tCTq)erature for 6 h. The reaction mixture was filtCTed through a phig of celite. The filtrate 
was concentrated and dried under vacuum to give the phosphonic acid (93 mg, 95%) as a 
20 white sohd. 

Example 20 

Phosphonic Acids 20 and 21: Compound 19 (93 mg, 0.14 mnjol) was dissolved in CH3CN 
(2 mL). iV,0-Bis(trimethylsilyl)acetamide (BSA, 0,28 g, 1.4 mmol) was added The reaction 

25 rmxture was heated to reflux for 1 h, cooled to rooin tenq)eratxtre and concentrated. The 
residue was co-ev^orated with toluene and chloroform and dried under vacuum to give a 
semi-solid which was dissolved in EtOAc (2 mL). Morpholine (60 pL, 0.9 mmol), AcOH 
(32 pL, 0.56 mmol), and NaBHsCN (17 mg, 0.28 mmol) were added and the reaction mixture 
was stirred at room ten^erature overnight. The reaction was quenched with H2O, stirred for 

30 2 h, filtered, and concentrated. The crude product was purified by HPLC to give the 

phosphonic acid 20 (10 mg, GS 2781 18) as a white solid: NMR (CDsOD) 6 7.80 (d, J = 
7.8 Hz, 2H), 7.56 (d, J = 7.5 Hz, 2H), 7.17 (d. J = 7.8 Hz, 2H), 6.91 (d, J = 7.5 Hz, 2H), 5.59 
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(d, J = 5.1 Hz, IH), 5.06 (m. IH), 4.7 (s, 2H), 4.15 (d. J = 10.2 Hz, 2H), 3.92 (m, IH), 3.82- 
3.7 (m, 5H), 3.43 (ddi IH), 3.11-2.89 (m, 6H). 2.50 (m. IH), 2.0 (m, IH), 1.6-1.35 (m, 2H), 
0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz. 3H); '^P NMR (CEbOD) 6 17.3. Phosphonic 
acid 21 (15 mg, GS 278117) as a white solid: 'H NMR (CD3OD) 8 7.8-7.7 (m, 4H), 7.20 (d, J 
= 8.4 Hz, 2H). 6.95 (d, J = 8.4 Hz, 2H). 5.62 (d, J = 5.1 Hz, IH). 5.00 (m, IH). 4.42 (s, 2H), 
4.20 (dd. 2H), 3.98-3.68 (m, 9H), 3.3-2.92 (m. IIH). 2.6 (m, IH), 2.0 (m, IH). 1.6 (m, 2H). 
0.92 (d, J = 6.6 Hz. 3H), 0.88 (d, J = 6.6 Hz, 3H); ^*P NMR (CD3OD) 6 16.Z 
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Scheme 6 
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Scheme 7 
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Scheme 8 
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Scheme 9 
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Scheme 10 
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Scheme 11 
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5 Example 21 

Phosphonic Acid 22: To a solution of dibenzylphosphonate 6 (5.00 g, 6.39 mmol) in EtOH 
(100 mL) was added 10% Pd/C (L4 g). The suspension was stirred under H2 atiDOsphere 
(balloon) at room temperature overnight. The reaction mixture was filtered through a plug of 
celite. The filtrate was concentrated and dried under vacuum to give the phosphonic acid 
10 (3.66 g, 95%) as a white solid. 

Example 22 
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Diphenylphosphbuate 23: A solution of 22 (3.65 g, 6.06 como]) and phenol (5.70 g, 60.6 
mmol) in pyridine (30 mL) was heated to 70**C and 13-dicycIohexylcarbodiimide (5.00 g, 
24.24 mmol) was added. The reaction mixture was stirred at TO^'C for 2 h and cooled to room 
tCTiperature. EtOAc was added and the side product 1,3-dicyclohexyl urea was filtered o£f. 
5 The filtrate was concentrated and dissolved in CH3CN (20 mL) at (fC. The mixture was 
treated with DOWEX 50W x 8-400 ion-exchange resin and stirred for 30 mm at (fC. The 
resin was filtered off and the filtrate was concentrated. The crude product was purified by 
column chromatography on silica gel (3% 2-propanol/CH2Cl2) to give the 
diphenylphosphonate (2.74 g, 60%) as a white solid. 

10 

Example 23 

Monophosphonic Acid 24: To a sohition of 23 (2.74 g, 3.63 mmol) in CH3CN (40 mL) at 
0°C was added 1 N NaOH (9.07 mL, 9.07 mmol). The reaction mixture was stirred at O^'C for 
1 h. DOWEX SOW X 8-400 ion-exchange resin was added and the reaction mixture was 
15 stirred for 30 min at 0°C. The resin was filtered off and the filtrate was concentrated and co- 
evaporated with toluene. The crude product was triturated with EtOAc/hexane (1/2) to give 
the monophosphonic acid (2.34 g, 95%) as a white solid. 

Example 24 

20 Monophospholactate 25: A solution of 24 (2.00 g, 2.95 mmol) and ethyKS)-(-)-lactate (1.34 
mL, 11.80 mmol) in pyridine (20 mL) was heated to 7(fC and 1,3-dicycIohexylcarbodiimide 
(2.43 g, 1 1.80 mmol) was added. The reaction mixture was stirred at 70*^C for 2 h and cooled 
to room temperature. The solvent was removed under reduced pressure. The residue was 
suspended in EtOAc and 1,3-dicyclohexyl urea was filtered off. The product was partitioned 

25 between EtOAc and 0J2 N HCL The EtOAc layer was washed with 0.2 N HO, H2O, 
saturated Nad, dried with Na2S04, filtered, and concentrated. The crude product was 
purified by column chromatography on silica gel (3% 2-propanol/CH2Cl2) to give the 
monophospholactate (1.38 g, 60%) as a white solid. 

30 Example 25 

Monophospholactate 26: A solution of 25 (0.37 g, 0.48 mmoQ in CH2a2 (0.80 mL) at 0°C 
was treated with trifhioroacetic acid (0.40 mL). The solution was stirred for 30 min at O^^C 
and then warned to room temperature for an additional 30 noin. The reaction mixture was 
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diluted with toluene and concentrated under reduced pressure. The residue was co- 
evs^rated with toluene (2 x), chlorofonn (2 x)» and dried under vacuum to give the 
ammonium triflate salt which was dissolved in CH2C12 (3 mL) and cooled to O^C. 
Triethylamine (0.27 mL, 1.92 mmol) was added followed by the treatment of 
5 benzenesulfonyl chloride (84 mg, 0.48 mmol). The sohition was stirred for 30 min at OX 
and then wam^ to room temperature for 30 min. The product was partitioned between 
CH2CI2 and 0.2 N HCL The organic phase was washed with saturated NaCl, dried with 
Na2S04, filtered, and evaporated under reduced pressure. The crude product was purified by 
column chromatogr^hy on silica gel (3% 2-propanol/CH2Cl2) to give the 
10 monophospholactate (0.33 g, 85%, GS 192779, 1:1 diastereom^ mixture) as a white sohd: 
NMR (CDCb) 5 7.78 (dd, 2H), 7.59 (m, 3H), 7.38-7.18 (m, 7H), 6.93 (dd, 2H), 5.66 (m, 
IH), 5.18-4.93 (m, 3H), 4.56-4.4 (m, 2H), 4.2 (m, 2H), 4.1-3.7 (m, 6H), 3.17 (m, IH), 3.02- 
2.8 (m, 6H), 1.84 (m, IH), 1.82-1.5 (m, 5H), 1.27 (m, 3H), 0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J 
= 6.3 Hz, 3H); ^^P NMR (CDQa) 5 17.4, 15.3. 

15 

Example 26 

Monophospholactate 27: A solution of 25 (0.50 g, 0.64 nmioft in CH2CI2 (1.0 mL) at 0°C 
was treated with trifluoroacetic acid (0.5 mL). The solution was stirred for 30 min at O^C and 
then warmed to room ten^erature for an additional 30 min. The reaction mixture was diluted 

20 with toluene and concentrated under reduced pressure. The residue was co-evaporated with 
tohiene (2 x), chloroform (2 x), and dried under vaciium to give the ammonium triflate salt 
which was dissolved in CH2CI2 (4 mL) and cooled to O^^C. Triethylamine (0.36 niL, 2.56 
mmol) was added followed by the treatment of 4-fluorobenzenesulfonyl chloride (0.13 g, 
0.64 mmol). The solution was stirred for 30 min at 0°C and then warmed to room 

25 ten5)erature for 30 min. The product was partitioned between CH2CI2 and 0.2 N HCL The 
organic phase was washed with saturated Nad, dried with Na2S04, filtered, and evaporated 
under reduced pressure. The crude product was purified by column chromatography on.silica 
gel (3% 2-propanol/CH2Cl2) to give the monophospholactate (0.44 g, 81%, GS 192776, 372 
diastereomeric mixture) as a white sohd: ^H NMR (CDCI3) 8 7.80 (m, 2H), 7.38-7.15 (m, 

30 9H), 6.92 (m, 2H), 5.66 (m, IH), 5.2-4.9 (m, 3H), 4.57-4.4 (m, 2H), 4.2 (m, 2H), 4.1-3.7 (m, 
6H), 3.6 (broad, s, IH), 3.17 (m, IH), 3.02-2.75 (m, 6H), 1.85 (m, IH), 1.7-1.5 (m, 5H), 1.26 
(m, 3H), 0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); ^^P NMR (CDCI3) 5 17.3, 15.Z 
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Example 9.7 

Monophospholactate 28: A solution of 25 (0.50 g, 0.64 mmol) in CH2CI2 (1.0 mL) at O^^C 
was treated with tiifluoroacetic acid (0,5 mL). The sohition was stiired for 30 coin at 0°C and 
then wanned to room ten^erature for an additional 30 min. The reaction mixture was dihited 
5 with toluene and concentrated under reduced pressure. The residue was co-evaporated with 
tohene (2 x), chloroform (2 x), and dried under vacuum to give the anomonium tiiflate salt 
which was dissolved in CH2CI2 (3 mL) and cooled to OX. Triethylamine (0.45 mL, 3.20 
noonol) was added followed by the treatment of hydrogen chloride salt of 3-pyridinylsulfonyl 
chloride (0.14 g, 0.65 mmol). The sohition was stirred for 30 min at 0°C and then wanned to 

10 room temperature for 30 min. The product was partitioned between CH2a2 and H2O. The 
organic phase was washed with saturated NaCl, dried with Na2S04, filtered, and evaporated 
under reduced pressure. The crude product was purified by column chromatogr^by on silica 
gel (4% 2-propanol/CH2Cl2) to give the monophospholactate (0.41 g, 79%, GS 273806, 1:1 
diastereomeric mixture) as a white soU± *H NMR (CDCI3) 6 9.0 (s, IH), 8.83 (dd, IH), 8.06 

15 (d, J = 7.8 Hz, IH), 7,5 (m, IH), 7.38-7.15 (m, 7H), 6.92 (m, 2H), 5.66 (m, IH), 5.18-4.95 
(m, 3H), 4.64.41 (m, 2H), 4.2 (m, 2H), 4.0 (m, IH), 3.95-3.76 (m, 6H), 3.23-2.8 (m, 7H), 
1.88 (m, IH), 1.7-1.5 (m, 5H), 1.26 (m, 3H), 0.93 (d, J = 6.6 Hz, 3H), 0.83 (d, J = 6.6 Hz, 
3H); ^^P NMR (CDQa) 6 17.3, 15.3. 

20 Example 28 

Monophospholactate 29: A sohition of compound 28 (0.82 g, 1.00 mmol) in CH2CI2 (8 mL) 
at O'^C was treated with mCPBA (1.25 eq). The sohition was stirred for 1 h at 0**C and then 
warmed to room terc^erature for an additional 6 L The reaction mixture was partitioned 
between CHaCfc and saturated NaHCQs. The organic phase was washed with saturated 

25 NaCl, dried with Na2S04, filtered, and evaporated under reduced pressure. The crude 

product was purified by column chromatogr^hy on silica gel (10% 2-propano]/CH2a2) to 
give the monophospholactate (0.59 g, 70%, GS 273851, 1:1 diastereoDoeric mixture) as a 
white solid: 'H NMR (CDCh) 8 8.63 (dd, IH), 8.3 (dd, IH), 7.57 (m, IH), 7.44 (m, IH), 
7.38-7.13 (m, 7H), 6.92 (m, 2H), 5.66 (m, IH), 5.2-5.05 (m, 2H), 4.57-4.4 (m, 2H), 4.2 (m, 

30 2H), 4.0-3.73 (m, 6H), 3.2 (m. 2H), 3.0 (m, 4H), Z77 (m, IH). 1.92 (m. IH), 1.7-1.49 (m, 
5H), 1.26 (m, 3H), 0.91 (m, 6H); ^'PNMR (CDG^) 5 17.3, 15.3. 

Example 29 
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Monophospholactate 30: A solution of coDOpound 28 (71 mg, 0.087 mmol) in CHCls (1 mL) 
was treated with MeOTf (18 mg, 0.11 znmoQ. The solution was stirred at room teiiq>erature 
for 1 hu The reaction mixture was concentrated and co-evaporated with toluene (2 x), CHCI3 
(2 x) and dried under vacuum to give the monophospholactate (81 mg, 95%, GS 273813, 1:1 
5 diastereomeric mixture ) as.a white soHd: NMR (CDCI3) 5 9.0 (dd, IH), 8.76 (m, 2H), 8.1 
(m, IH), 7.35-7.1 (m, 7H), 6.89 (m, 2H), 5.64 (m, IH), 5.25-5.0 (m, 3H), 4.6-4.41 (m, 5H), 
4.2 (m, 2H), 3.92-3.72 (m, 6H), 3.28 (m, 2H), 3.04-2.85 (m, 3H), 2.62 (n>, IH), 1.97 (m, IH), 
1.62-1.5 (m, 5H), 1.25 (m, 3H), 0.97 (m, 6H); ^^P NMR (CDCI3) 6 17.4, 15.4. 

10 Example 30 

Dibenzylphosphonate 31: A solution of con^und 16 (0.15 g, 0.18 mmol) in CHCI3 (2 mL) 
was treated with MeOTf (37 mg, 0.23 nmiol). The solution was stirred at room ten5)erature 
for 2 h. The reaction mixture was concentrated and co-evaporated with toluene (2 x), CHCI3 
(2 x) and dried under vacuum to give the dibenzylphosphonate (0.17 g, 95%, GS 273812) as 
15 a white sofid: ^H NMR (CDCfe) 8 9.0 (dd, IH), 8.73 (m, 2H), 8.09 (m, IH), 7.35 (m, lOH), 
7.09 (d, J = 8.4 Hz, 2H), 6.79 (d, J = 8.1 Hz. 2H), 5.61 (d, J = 4.2 Hz, IH), 5.2-4.96 (m. 6H), 
4.54 (s, 3H), 4.2 (dd, 2H), 3.92-3.69 (m, 6H), 3.3 (m, 2H), 3.04-2.6 (m, 5H), 1.97 (m, IH), 
1.6 (m, 2H), 0.98 (m, 6H); ^^P NMR (GDQs) 8 20.4. 

20 Example 31 

Dibenzylphosphonate 32: A solution of conq)ound 16 (0.15 g, 0.18 mmol) in CH2CI2 (3 mL) 
at (fC was treated with mCPBA (1.25 eq). The sokition was stirred for 1 h at 0**C and then 
warmed to room tem|>erature overnight. The reaction mixture was partitioned between 10% 
2-propano]/CH2Cl2 and saturated NaHCOs. The organic phase was washed with saturated 

25 NaCl, dried with Na2S04, filtered, and evsponted under reduced pressure. Tlie crude 

product was purified by column chromatography on silica gel (10% 2-propanol/CW2Cl2) to 
give the dibenzylphosphonate (0.1 1 g, 70%, GS 277774) as a white solid: ^H NMR (CDCI3) 
8 8.64 (m, IH), 8.27 (d, J = 6.9 Hz, IH), 7.57 (d, J = 8.4 Hz, IH), 7.36 (m, IIH), 7.10 (d, J = 
8.4 Hz, 2H), 6.81 (d, J = 8.7 Hz, 2H), 5.65 (d, J = 5.4 Hz, IH), 5.22-5.02 (m, 6H), 4.21 (dd, 

30 2H), 3.99-3.65 (m, 6H), 3.2 (m, 2H), 3.03-2.73 (m, 5H), 1.90 (m, IH). 1.66-1.56 (m, 2H), 
0.91 (m, 6H); ^^P NMR (GDQs) 8 20.3. 
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Example 32 

Phosphonic Acid 33: To a solution of dibenzylpbosphonate 32 (0.1 g, 0.12 mmol) in MeOH 
(4 mL) was added 10% Pd/C (20 mg). Tte suspension was stiired under H2 atmosphere 
(tolloon) at room teiiq>erature for 1 h. The reaction mixture was filtered through a plug of 
5 celite. The filtrate was concentrated and purified by HPLC to give the phosphonic acid (17 
mg, GS 277775) as a white sohd: NMR (CDaOD) 5 8.68 (s, IH), 8.47 (d, J = 6.0 Hz, IH), 
7.92 (d, J = 7.8 Hz, IH), 7.68 (m, IH), 7.14 (m, 2H), 6.90 (d, J = 7.8 Hz, 2H), 5.58 (d, J = 5.4 
Hz, IH), 5.00 (m, IH), 4.08 (d, J = 9.9 Hz, 2H), 3.93-3.69 (m, 6H), 3.4-2.9 (m, 7H), 2.5 (m, 
IH), 2.04 (m, IH), 1.6-1.35 (m, 2H), 0.92 (m, 6H); ^^P NMR (CD3OD) 6 15.8. 

10 

Example 33 

Monophospholactate 34: A solution of 25 (2.50 g, 3.21 mmol) in CH2CI2 (5.0 mL) at O^'C 
was treated with trifluoroacetic acid (2.5 mL). The solution was stirred for 30 min at O^C and 
then warmed to room tenqperature for an additional 30 nun. The reaction ruixture was diluted 

15 with toluene and concentrated under reduced pressure. The residue was co-evaporated with 
toluene (2 x), chloroform (2 x), and dried under vacuum to give the ammonium triflate salt 
which was dissolved in CH2a2 (30 mL) and cooled to OX. Triethylamine (1.79 mL, 12.84 
mmol) was added followed by the treatment of 4-formylbenzenesulfonyl chloride (0.72 g, 
3.53 mmol) and the solution was stirred at 0°C for 1 h. The product was partitioned between 

20 CH2Q2 and 5% HQ. The organic phase was washed with H2O, saturated NaCl, dried with 
Na2S04, filtered, and evaporated under reduced pressure. The crude product was purified by 
column chromatography on silica gel (3% 2-propanol/CH2Cl2) to give the 
monophospholactate (2.11 g, 77%, GS 278052, 1:1 diastereomeric mixture) as a white sohd: 
'H NMR (CDCI3) 6 10.12 (s, IH), 8.05 (d. J = 8.7 Hz, 2H), 7.95 (d, J = 7.5 Hz, 2H), 7.38- 

25 7.15 (m, 7H), 6.94 (m, 2H), 5.67 (m, IH), 5.18-4.91 (m, 3H), 4.57-4.4 (m, 2H), 4.2 (m, 2H), 
4.0-3.69 (m, 6H), 3.57 (broad, s. IH), 3.19-2.8 (m, 7H), 1.87 (m, IH), 1.69-1.48 (m, 5H), 
1.25 (m, 3H), 0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); ^'P NMR (CDCI3) 6 17.3, 
15.2. 



30 Example 34 

Monophospholactate 35: A sohition of 34 (0.60 g, 0.71 mmol) and morpholine (0.31 mL, 
3.54 mmol) in EtOAc (8 mL) was treated with HOAc (0.16 mL, 2.83 mmol) and NaBHaCN 
(89 mg, 1 .42 nmnol). The reaction mixture was stiired at room tei[q)erature for 4 h. The 
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product was partitioned between EtOAc and H2O. The orgamc phase was washed with brine, 
dried with Na2S04, filtered, and concentrated. The crude product was purified by column 
chromatography on silica gel (6% 2-propanol/CH2Cl2) to give the monophospholactate (0.46 
g, 70%, GS 278115, 1:1 diastereomeric mixture) as a white solid: NMR (CDQa) 5 7.74 
5 (d, J = 8.4 Hz, 2H), 7.52 (d, J = 8.4 Hz, 2H), 7.38-7.15 (m, 7H), 6.92 (m, 2H), 5.66 (m, IH), 
5.2-5.0 (m, 2H), 4.57-4.4 (m, 2H), 4.2 (m, 2H), 3.97-3.57 (m, 12H), 3.2-278 (m, 7H), 2.46 
(broad, s, 4H), 1.87 (m, IH), 1.64-1.5 (m, 5H), 1.25 (m, 3H), 0.93 (d, J = 6.3 Hz, 3H), 0.88 
(d, J = 6.3 Hz, 3H); ^^P NMR (CDCls) 5 17.3, 15.3. 



10 Example 35 

Monophospholactate 37: A solution of 25 (0.50 g, 0.64 mmol) in CH2CI2 (2.0 mL) at O^'C 
was treated with trifluoroacetic acid (1 mL). The solution was stirred for 30 min at O^C and 
then warmed to room teiiq)erature for an additional 30 miiL The reaction mixture was diluted 
with toluene and concentrated under reduced pressure. The residue was co-ev^>orated with 

15 toluene (2 x), chloroform (2 x), and dried under vacuum to give the ammonium triflate salt 
which was dissolved in CH2CI2 (3 mL) and cooled to 0°C. Triethylamine (0.45 mL, 3.20 
mmol) was added followed by the treatment of 4-benzyloxybenzenesulfonyl chloride (0.18 g, 
0.64 mmol, prepared according to Toja, E. et al. Eur. J. Med. Chem 1991, 26, 403). The 
solution was stirred for 30 nun at 0°C and then warmed to room terq>erature for 30 min. The 

20 product was partitioned between CH2CI2 and 0. 1 N HCl. The organic phase was washed with 
saturated NaQ, dried with Na2S04, filtered, and concentrated. The crude product was 
purified by column chromatography on silica gel (4% 2-propanol/CH2C32) to give the 
monophospholactate (0.51 g, 85%) as a white sohd. 

25 Examplft ^fi 

Monophospholactate 38: To a solution of 37 (0.48 g, 0.52 mmol) in EtOH (15 mL) was 
added 10% Pd/C (0.10 g). The suspension was stirred under H2 atmosphere (balloon) at 
room terq[>erature overnight. The reaction mixture was filtered through a plug of celite. The 
filtrate was concentrated and the crude product was purified by column chromatography on 
30 silica gel (5% 2-propanol/CH2a2) to give the monophospholactate (0.38 g, 88%, GS 273838, 
1:1 diastereomeric mixture) as a white soUd: ^H NMR (CDCI3) 5 8.86 (dd, IH), 7.42-7.25 
(m. 9H), 6.91 (m, 4H), 5.73 (d, J = 5.1 Hz, IH), 5.42 (m, IH), 5.18 (m, 2H), 4.76-4.31 (m, 
2H), 4.22 (m, 2H), 4.12-3.75 (m, 6H), 3.63 (broad, s, IH), 3.13 (m, 3H), 2.87 (m, IH), 2.63 
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(m, IH), 2.4 (m, IH). 2.05 (m, 2H), 1.9 (m. IH), 1.8(in. IH), 1.6 (m, 3H), 1.25 (m, 3H), 0.95 
(d, J = 6.6 Hz. 3H), 0.85 (d, J = 6.6 Hz, 3H); ^^P NMR (CDQa) 5 17.1, 15.7. 

Example 37 

5 Monophospholactate 40: A solution of 25 (0.75 g, 0.96 nmol) in CH2CI2 (2.0 mL) at O^C 
was treated with trifluoroacetic acid (1 roL). The solution was stirred for 30 min at tf^C and 
then warmed to room temperature for an additional 30 min. The reaction mixture was diluted 
with toluene and concentrated und^ reduced pressure. The residue was co-evaporated with 
toluene (2 x), chloroform (2 x), and dried imder vacuum to give the ammonium triflate salt 

10 which was dissolved in CH2CI2 (4 mL) and cooled to OX. Triethylamine (0.67 mL, 4.80 
mmol) was added followed by the treatment of 4-(4'-benzyloxycarbonyl 
piperazinyl)benzenesulfonyl chloride (0.48 g, 1.22 mmol, prq^ared according to Toja, E. et 
aL Arzneim. Fbrsch. 1994, 44, 501). The sohition was stirred at O^'C for 1 h and then warmed 
to room tenq)erature for 30 min. The product was partitioned betweoa 10% 2- 

15 propanol/CH2a2 and 0. 1 N HCL The organic phase was washed with saturated NaCl, dried 
with Na2S04, filtered, and concentrated. The crude product was purified by column 
chromatography on silica gel (3% 2-propanol/CH2Cl2) to give the monophospholactate (0.63 
g, 60%) as a white solid. 

20 Example 38 

Monophospholactate 41: To a solution of 40 (0.62 g, 0.60 mmol) in MeOH (8 mL) and 
EtOAc (2 mL) was added 10% Pd/C (0.20 g). The suspension was stirred uud&c H2 
atmosphere (balloon) at room tenq)erature overnight. The reaction mixture was filtered 
through a pbg of celite. The filtrate was treated with 1.2 equivalent of TFA, co-ev^orated 
25 with CHCI3 and dried under vacuum to give the monophospholactate (0.55 g, 90%) as a 
white solid. 

Example 39 

Monophospholactate 42: A solution of 41 (0.54 g, 0.53 mmol) and formaldehyde (0.16 mL, 
30 5.30 mmol) in EtOAc (10 mL) was treated with HOAc (0.30 mL, 5.30 mmol) and NaBHaCN 
(0.33 g, 5.30 mmol). The reaction mixture was stirred at room ten^erature overnight. The 
product was partitioned between EtOAc and H2O. The organic phase was washed with hrine, 
dried with Na2S04, filtered, and concentrated. The crade product was purified by column 
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chromatogr^hy on silica gel (6% 2-propaiiol/CH2Cl2) to give the monophospholactate (97.2 
mg, 20%, GS 277937, 1:1 diastereomeric mixture) as a white solid: *H NMR (CDQa) 5 7.64 
(d, J = 9.0 Hz, 2H), 7.38-7.17 (m, 7H), 6.95-6.88 (m, 4H), 5.67 (id, 1H), 5.2-4.96 (m, 2H), 
4.57-4.4 (m, 2H), 4.2 (m, 2H), 3.97-3.64 (m, 8H), 3.49-3.37 (m, 4H), 3.05-2.78 (m, 12H), 
5 1.88-1.62 (m, 3H), 1.58 (m, 3H). 1.25 (m, 3H), 0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 
3H); ^^P NMR (CDQa) 6 17.3, 15.3. 

Example 40 

Monophospholactate 45: A sohition of 43 (0.12 g, 0.16 mmol) and lactate 44 (0.22 g, 1.02 
10 mmol) in pyridine (1 mL) was heated to 70°C and 1,3-dicyclohexylcarbodiimide (0.17 g, 0.83 
mmol) was added. The reaction mixture was stirred at 70**C for 4 h and cooled to room 
ten^erature. The solvent was removed und^ reduced pressure. The residue was suspended 
in EtOAc and 1,3-dicyclohexyl urea was filtered off. The product was partitioned between 
EtOAc and 0.2 N HQ. The EtOAc layer was washed with 0.2 N HO, H2O, saturated NaQ, 
15 dried with Na2S04, filtered, and concentrated. The crude product was purified by column 
chromatography on silica gel (3% 2-propanol/CH2Cl2) to give the monophospholactate (45 
mg, 26%) as a white solid. 

Example 41 

20 Alcohol 46: To a solution of 45 (40 mg, 0.042 mmol) in EtOAc (2 mL) was added 20% 
Pd(OH)2/C (10 mg). The suspension was stirred under H2 atmosphere (balloon) at room 
temperature for 3 h. The reaction noixture was filtered through a plug of celite. The filtrate 
was concentrated and the~|»:oduct was dried imder vacuum to give the alcohol (33 mg, 90%, 
GS 278809, 3/2 diastereomeric mdxture) as a white soHd: ^H NMR QCDCh) 5 7.72 (d, J = 8.7 

25 Hz, 2H), 7.39-7.15 (m, 7H), 7.02-6.88 (m, 4H), 5.66 (d, J = 4.5 Hz, IH), 5.13-5.02 (m, 2H), 
4.54-4.10 (m, 4H), 4.00-3.69 (m. IIH), 3.14 (m, IH), 3.02-2.77 (m, 6H), 1.85-1.6 (m. 6H), 
0.94 (d, J = 6.3 Hz, 3H), 0.89 (d, J = 6.3 Hz, 3H); ^^P NMR (CDCh) 8 17.4, 15.9. 
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Scheme 12 
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Sdirane 13 
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Scheme 15 
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Example 42 

MonobenzylphosphoBate 47: A solution of 6 (2.00 g, 2.55 mmol) and DABCO (0.29 g, Z55 
mmol) in toluene (10 mL) was heated to reflux for 2 h. The solvent was evaporated under 
reduced pressure. The residue was partitioned between EtOAc and 0.2 N HCL The EtOAc 
layer was washed with H2O, saturated NaCl, dried with Na2S04, filtered, and concentrated. 
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The crade product was dried under vacuum to give the moDobenzylpbosphonate (1.68 g, 
95%) as a white solid. 

Example 43 

5 Monophospholactate 48: To a solution of 47 (2.5 g, 3.61 mmol) and benzyl-(S)-(-)-lactate 
(0.87 mL, 5.42 mmol) in DMF (12 mL) was added PyBop (2.82 g, 5.42 mmol) and A^V- 
diisopropylethylamdne (2.51 mL, 14.44 mmol). The reaction mixture was stirred at room 
tenq>erature for 3 h and concentrated. The residue was partitioned between EtOAc and 0.2 N 
HQ. The EtOAc layer was washed with H2O, saturated Nad, dried with Na2S04, filtered, 
10 and concentrated. The crude product was purified by column chromatography on silica gel 
(3% 2-pTopanol/CH2Cl2) to give the monophospholactate (1.58 g, 51%) as a white solid. 

Example 44 

Monophospholactate 49: A solution of 48 (0.30 g, 0.35 mmol) in CH2a2 (0.6 mL) at O^'C 
15 was treated with trifiuoroacetic acid (0.3 mL). The solution was stirred for 30 min at O^C and 
then wanned to room temperature for an additional 30 min. The reaction inixture was diluted 
with toluene and concentrated under reduced pressure. The residue was co-evaporated with 
toluene (2 x), chloroform (2 x), and dried under vacuum to give the ammonium trifiate salt 
which was dissolved in CH2CI2 (2 mL) and cooled to O^'C. Triethylamine (0.20 mL, 1.40 
20 mmol) was added followed by the treatment of benzenesulfonyl chloride (62 mg, 0.35 mmol). 
The solution was stirred at O^'C for 30 min and tbm wamo^ to room ten^erature for 30 min. 
The product was partitioned between CH2C32 and 0. 1 N HCX The organic phase was washed 
with saturated NaCl, dried with N%S04, filtered, and concentrated The cmde product was 
purified by column chromatography on silica gel (3% 2-pn>panol/CH2Cl2) to give the 
25 monophospholactate (0.17 g, 53%) as a white solid. 

Example 45 

Metabolite X 50: To a solution of 49 (80 mg, 0.09 mmol) in EtOH (6 mL) and EtOAc (2 
mL) was added 10% Pd/C (20 mg). The suspension was stirred under H2 atmosphere 
30 (balloon) at room tenoperature for 8 h. The reaction mixture was filto'ed through a plug of 
celite. The filtrate was concentrated, co-evaporated with CHQ3 and dried under vacuum to 
give the metabohte X (61 mg, 95%, GS 224342) as a white solid: NMR (CD3OD) 5 7.83 
(d, J = 6.9 Hz, 2H), 7.65-7.58 (m, 3H), 7.18 (d, J = 7.8 Hz, 2H), 6.90 (d, J = 7.8 Hz, 2H), 5.59 
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(d, J = 4.8 Hz, IH), 5.0 (m, IH), 4.27 (d, J = 10.2 Hz, 2H), 3.95-3.68 (m, 6H), 3.45 (dd, IH), 
3.18-2.84 (m, 6H). 2.50 (m, IH), 2.02 (m, IH), 1.6-1.38 (m, 5H), 0.93 (d, J = 6.3 Hz, 3H), 
0.88 (d, J = 6.3 Hz, 3H); ^^P NMR (CD3OD), 5 18.0. 

5 Example 46 

Monophospholactate 51: A solution of 48 (0.28 g, 0.33 mmoD in 01202 (0.6 mL) at 0°C 
was treated with trifluoroacetic acid (0.3 mL). The solution was stirred for 30 min at O^C and 
then warmed to room temperature for an additional 30 min. The reaction mixture was diluted 
with toluene and concentrated under reduced pressure. The residue was co-evaporated with 

10 totaene (2 x), chloroform (2 x), and dried under vacuum to give the ammonium triflate salt 
which was dissolved in CH2a2 (2 mL) and cooled to O^^C. Triethylamine (0. 18 mL, 1.32 
mmol) was added followed by the treatment of 4-fhiorobenzenesulfonyl chloride (64 mg, 
0.33 mmol). The solution was stirred at 0°C for 30 min and then warmed to room 
ten5)erature for 30 min. The product was partitioned between CH2a2 and 0. 1 N HCL The 

15 organic phase was washed with saturated NaCl, dried with Na2S04, filtered, and 

concentrated. The crude product was purified by column chromatography on silica gel (3% 
2-propano]/CH2Cb) to give the monophospholactate (0.16 g, 52%) as a white sohd 

Example 47 

20 Metabolite X 52: To a sohition of 51 (80 mg, 0.09 nomol) in EtOH (6 mL) and EtOAc (2 
mL) was added 10% Pd/C (20 mg). The suspension was stirred under H2 atmosphere 
(balloon) at room ten^erature for 8 h. The reaction mixture was filtered through a plug of 
celite. The filtrate was concentrated, co-evaporated wifli CHCI3 and dried under vacuum to 
give the metabolite X (61 mg, 95%, GS 224343) as a white solid: ^H NMR (CP3OD) 5 7.9 

25 (dd, 2H), 7.32 (m, 2H), 7.18 (dd, 2H), 6.90 (dd, 2H), 5.59 (d, J = 5.4 Hz, IH), 5.0 (m, IH), 
4.28 (d, J = 10.2 Hz, 2H), 3.95-3.72 (m, 6H), 3.44 (dd, IH), 3.15-2.85 (m, 6H), 2.5 (m, IH), 
2.02 (m, IH), 1.55-1.38 (m, 5H), 0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H). ^^P NMR 
(CD3OD) 5 18.2. 

30 Examiple48 

Monophospholactate 53: A solution of 48 (0.20 g, 0.24 mmol) in 01202 (0.6 mL) at O^^C 
was treated with trifluoroacetic acid (0.3 mL). The sohition was stirred for 30 min at O^C and 
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then warmed to room teii5)erature for an additional 30 min. The reaction mixture was diluted 
with tohiene and concentrated under reduced pressure. The residue was co-evaporated with 
toluene (2 x), chloroform (2 x), and dried under vacuum to give the ammonium triflate salt 
which was dissolved in CH2CI2 (2 mL) and cooled to O^'C. Triethylamme (0.16 mL, 1.20 
5 mmol) was added followed by the treatment of hydrogen chloride salt of 3-pyridmysulfonyl 
chloride (50 mg, 0.24 mmol). The sohition was stirred at 0°C for 30 min and then wanned to 
room ten5)erature for 30 min. The product was partitioned between CH2CI2 and H2O. The 

_ - y 

organic phase was washed with saturated NaCa, dried with Na2S04> filtered, and 
concentrated. The crude product was purified by column chromatography on silica gel (4% 
10 2-propanol/CH2a2) to give the monophospholactate (0.1 1 g, 53%) as a white solid. 

Metabolite X 54: To a sohition of 53 (70 mg, 0.09 mmol) in EtOH (5 mL) was added 10% 
Pd/C (20 mg). The suspension was stirred under H2 atmosphere (balloon) at room 

15 temperature for 5 \l The reaction mixture was filtered through a phig of celite. The filtrate 
was concentrated, co-evaporated with CHQa and dried under vacuum to give the metabolite 
X (53 mg, 95%, GS 273834) as a white sohd: NMR (CDaOD) 5 8.99 (s, IH), 8.79 (d, J = 
4.2 Hz, IH), 8.29 (d, J = 7.5 Hz. IH), 7.7 (m, IH), 7.15 (d, J = 8.4 Hz, 2H), 6.9 (d, J = 7.8 Hz, 
2H), 5.59 (d, J = 5.4 Hz, IH), 5.0 (m, IH), 4.28 (d, J = 9.9 Hz. 2H), 3.97-3.70 (m, 6H), 3.44 

20 (dd, IH), 3.17-2.85 (m, 6H), 2.5 (m, IH), 2.03 (m, IH), 1.65-1.38 (m, 5H), 0.93 (d, J = 6.3 
Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H). ^^P NMR (CD3OD) 6 17.8. 

Example 50 

Monophospholactate 55: A sohition of 48 (0.15 g, 0.18 mmoQ in CH2a2 (1 mL) at O^'C was 
25 treated with trifluoroacetic acid (0.5 mL). The solution was stirred for 30 min at 0°C and 

then warmed to room temperature for an additional 30 min. The reaction mixture was diluted 
with toluene and concentrated under reduced pressure. The residue was co-evaporated with 
toluene (2 x), chloroform (2 x), and dried under vacuum to give the ammonium triflate salt 
which was dissolved in CH2CI2 (2 mL) and cooled to 0°C. Triethylamine (0. 12 mL, 0.88 
30 mmol) was added followed by the treatment of 4-benzyloxybenzenesulfonyl chloride (50 mg, 
0. 18 mmol). The sohition was stirred at O^'C for 30 min and then warmed to room 
temperature for 30 miiL The product was partitioned between CHiCk and 0. 1 N HCL The 
organic phase was washed with saturated NaCl, dried with N^2S04, filtered, and 
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concentrated. The crude product was purified by cohinon chroniatography on silica gel (3% 
2-propanol/CH2Cl2) to give the monophospholactate (0.11 g, 63%) as a white solid. 

Exaiiq)le 51 

5 Metabolite X 56: To a solution of 55 (70 mg, 0.07 mmol) in EtOH (4 mL) was added 10% 
Pd/C (20 nog). The suspension was stirred under H2 atmosphere (balloon) at room 
ten^rature for 4 h. The reaction mixture was filtered through a plug of celite. Hie filtrate 
was concentrated, co-evaporated with CHQ3 and dried under vacuum to give the metabolite 
X (46 mg, 90%, GS 273847) as a white solid: NMR (CD3OD), 5 7.91 (s, IH), 7.65 (d, J = 
10 8.4 Hz, 2H), 7.17 (d, J = 8.1 Hz, 2H), 6.91 (m, 4H), 5.59 (d, J = 5.1 Hz, IH), 5.0 (m, IH), 

4.27 (d, J = 10.2 Hz, 2H), 3.97-3.74 (m, 6H), 3.4 (dd, IH), 3.17-2.8 (m, 6H), 2.5 (m, IH), 2.0 
(m, IH), 1.6-1.38 (m, 5H), 0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); ^^P NMR 
(CXbOD) 8 17.9. 

15 Example 52 

Metabolite X 57: To a suspension of 29 (40 mg, 0.05 mmol) in CH3CN (1 mL), DMSO (0.5 
mL), and 1.0 M PBS buffer (5 mL) was added esterase (200 pL). The suspension was heated 
to 40^C for 48 h. The reaction mixture was concentrated, suspended in MeOH and fiJtered. 
The filtrate was concentrated and purified by HPLC to give the metabolite X (20 mg, 57%, 
20 GS 277777) as a white solid: ^H NMR (CD3OD) 5 8.68 (s, IH), 8.47 (d, J = 6.0 Hz, IH), 
7.93 (d, J = 7.8 Hz, IH). 7.68 (m, IH), 7.15 (d, J = 8.4 Hz, 2H), 6.9 (d, J = 8.4 Hz, 2H), 5.59 
(d, J = 5.4 Hz, IH), 5.0 (m, IH), 4.23 (d, J = 10.5 Hz, 2H), 3.97-3.68 (m, 6H), 3.45 (dd, IH), 
3.15-2.87 (m, 6H), 2.46 (m, IH), 2.0 (m, IH), 1.6-1.38 (m, 5H), 0.95 (d, J = 6.6 Hz, 3H). 0.92 
(d, J = 6.6 Hz, 3H); NMR (CD3OD) 5 17.2. 

25 

Example 53 

Metabolite X 58: To a suspension of 35 (60 mg, 0.07 nmK>l) in CH3CN (1 mL), DMSO (0.5 
mL), and LO M PBS bufifer (5 mL) was added esterase (400 ^L). The suspension was heated 
to 4(fC for 3 days. The reaction mixture was concentrated, suspended in MeOH and filtered. 
30 The filtrate was concentrated and purified by HPLC to give the metabolite X (20 mg, 38%, 
GS 2781 16) as a white soUd: ^H NMR (CD3OD) 8 7.74 (d, J = 6.9 Hz, 2H), 7.63 (d, J = 7.5 
Hz, 2H), 7.21 (d, J = 8.4 Hz, 2H), 6.95 (d, J = 8.1 Hz, 2H), 5.64 (d, J = 5.1 Hz, IH), 5.0 (m. 
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2H), 4.41 (m, 2H), 4.22 (m, 2H), 3.97-3.65 (m, 12H), 3.15-2.9 (m, 8H), 2.75 (m, IH), 2.0 (m, 
IH), 1.8 (m, 2H), 1.53 (d, J = 6.9 Hz, 3H), 0.88 (m. 6H). 



Example 54 

5 Monophospholactate 59: A solutioii of 34 (2. 10 g, 2.48 mmol) in THF (72 mL) and H2O (8 
mL) at -15*^C was treated with NaBEU (0.24 g, 6.20 nmiDl). The reaction mixture was stirred 
for 10 min at -15°C. The reaction was quenched with 5% aqueous NaHSOs and extracted 
. with CH2C32 (3 x). The combined organic layers were washed with H2O, dried with Na2S04, 
filtered, and concentrated. The crude product was purified by cohuim chromatography on 

10 silica gel (5% 2-propanol/C3l2a2) to give monophospholactate (1.89 g, 90%, GS 278053, 1:1 
diastereomeric mixture) as a white solid: NMR (CDCI3) 5 7.64 (m, 2H), 7.51(m, 2H), 
7.38-7.19 (m, 7H), 6.92 (m, 2H), 5.69 (d, J = 4.8 Hz, IH), 5.15 (m, 2H), 4.76 (s, 2H), 4.54 (d, 
J = 10.5 Hz, IH), 4.44 (m, IH), 4.2 (m, 2H), 4.04-3.68 (m, 6H), 3.06-2.62 (m, 7H), 1.8 (m, 
3H), 1.62-1.5 (dd, 3H), 1.25 (m, 3H). 0.94 (d, J = 6.3 Hz, 3H), 0.87 (d, J = 6.3 Hz, 3H); ^^P 

15 NMR (CDCI3) 6 17.4, 15.4. 



Exainple 55 

Metabohte X 60: To a suspension of 59 (70 mg, 0.08 mmol) in CH3CN (1 mL), DMSO (0.5 
mL), and 1.0 M PBS buffer (5 mL) was added esterase (600 ^LL). The suspension was heated 
20 to 40^C for 36 h. The reaction mixture was concentrated, suspended in MeOH and filtered. 
The filtrate was concentrated and purified by HPLC to give the metabolite X (22 nag, 36%, 
GS 278764) as a white solid: ^H NMR (CD3OD) S 7.78 (dd, 2H), 7.54 (dd, 2H), 7.15 (m, 
2H), 6.9 (m, 2H), 5.57 (d, IH), 5.0 (m. 2H), 4.65 (m, 4H), 4.2 (m, 2H), 3.9-3.53 (m. 6H), 
3.06-2.82 (m. 6H), 2.5 (m, IH), 2.0 (m, 2H), 1.62-1.35 (m, 3H), 0.94 (m, 6H). 
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Scheme 16 
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Example 56 

Phosphonic Acid 63: Compound 62 (0.30 g, 1.12 mmol) was dissolved in CH3CN (5 mL). 
iy;0-Bis(trimethylsilyl)acetanDdde (BSA, 2.2 mL, 8.96 mmol) was added. The reaction 
mixture was heated to refhix for 2 h, cooled to room tenq>erature, and concentrated. The 
residue was co-evaporated with tohiene and chloroform and dried under vacuum to give a 
thick oil which was dissolved in EtOAc (4 mL) and cooled to O^C. Aldehyde 61 (0.20 g, 0.33 
mmol), AcOH (0.18 mL, 3.30 mnaol), and NaBHaCN (0.20 g, 3.30 mmol) were added. The 
reaction mixture was warmed to room ten^erature and stirred overnight. The reaction was 
quenched with H2O, stirred for 30 min, filtered, and concentrated. The crude product was 
dissolved in CH3CN (13 mL) and 48% aqueous HF (0.5 mL) was added. The reaction 
mixture was stirred at room temperature for 2 h and concentrated. The crude product was 
purified by HPLC to give the phosphonic acid (70 mg, 32%, GS 277929) as a white soKd: 
NMR (CD3OD) 8 7.92 (dd, 2H), 7.73 (d, J = 8.7 Hz, 2H), 7.63 (dd, 2H), 7. 12 (d, J = 8.7 Hz, 
2H), 5.68 (d, J = 5.1 Hz, IH), 5.13 (m. IH), 4.4 (m, 2H), 4.05-3.89 (m, 8H), 3.75 (m, IH), 3.5 
(m, IH), 3.37 (m, IH), 3.23-3.0 (m, 3H), 2.88-2.7 (m. 2H), 2.2 (m, IH), 1.8 (m, 2H), 0.92 (d, 
J = 6.3 Hz, 3H), 0.85 (d, J = 6.3 Hz, 3H); NMR (CD3OD) 5 14.5. 
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Example 57 . 

Phosphonic Acid 64: A solution of 63 (50 mg, 0.07 mmol) and formaldehyde (60 mg, 0.70 
mmol) in EtOAc (2 mL) was treated with HOAc (43 pL, 0.70 mmol) and NaBHsCN (47 mg, 
0.7mnK)I)- The reaction mixture was stinred at room ten^jerature for 26 h. The reaction was 
quenched with H2O, stirred for 20 nrin, and concentrated. The crude product was purified by 
HPLC to give the phosphonic acid (15 mg, 29%, GS 277935) as a white solid: NMR 
(CD3OD) 5 7.93 (m, 2H), 7.75 (m, 2H), 7.62 (m, 2H), 7.11 (m, 2H), 5.66 (m, IH), 5.13 (m, 
IH), 4.4 (m, 2H), 4.05-3.89 (m, 8H), 3.75 (m, 2H), 3.09-271 (m, 6H), 2.2 (m, IH), 1.9 (m, 
5H), 0.92 (d, J = 6.3 Hz, 3H), 0.85 (d, J = 6.3 Hz, 3H); ^^P NMR (CDsOD) 5 14.0. 

Example 58 

Phosphonic Acid 66: 2-Aminoethylphosphonic acid (2.60 g, 2L66 mmol) was dissolved in 
CH3CN(40mL). iV,(>Bis(trimethylsilyl)acetamide(BSA, 40 niL) was added. The reaction 
mixture was heated to reflux for 2 h and cooled to room teaq>erature and concentrated. The 
residue was co-evaporated with toluene and chloroform and dried under vacuum to give a 
thick oil which was dissolved in EtOAc (40 mL). Aldehyde 65 (1.33 g, 2.25 mmol), AcQH 
(1.30 mL, 22.5 mmol) and NaBHaCN (1.42 g, 22.5 mmol) were added. The reaction mixture 
was stirred at room teniperature ovemighL The reaction was quenched with H2O, stirred for 
1 h, filtered, and concentrated. The residue was dissolved in MeOH and filtered. The crude 
product was purified by HPLC to give the phosphonic acid (1.00 g, 63%) as a white sohd. 

Example 59 

Phosphonic Acid 67: Phosphonic acid 66 (0.13 g, 0.19 xmt^I) was dissolved in CH3CN (4 
mL). iV,0-Bis(tdmethylsilyl)acetamide (BSA, 0.45 mL, L90 mmol) was added. The 
reaction mixture was heated to reflux for 2 h» cooled to room tenoperature, and concentrated. 
The residue was co-evaporated with toluene and chloroform and dried under vacuum to give 
a thick oil which was dissolved in EtOAc (3 mL). Formaldehyde (0.15 mL, 1.90 mmol), 
AcOH (0.11 mL, L90 mmol) and NaBHaCN (63 mg, 1.90 mmol) were added. The reaction 
mixture was stirred at room teiqperature overnight The reaction was quenched with H2O, 
stirred for 6 h, filtered, and concentrated. Tb& residue was dissolved in MeOH and filtered. 
The crade product was purified by HPLC to give the phosphonic acid (40 mg, 30%, GS 
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277957) as a white soMd: 'H NMR {CD3OD) 6 7.78 (d, J = 8.4 Hz, 21^, 7.4 (m, 4H), 7.09 (d, 
J = 8.4 Hz. 2H), 5.6 (d, J = 5.1 Hz, IH). 4.33 (m, 2H), 3.95-3.65 (m, 9H). 3.5-3.05 (m, 6H), 
2.91-2.6 (m, 7H), 2.0 (m. 3H), 1.5 (m, 2H), 0.93 (d, J = 6.3 Hz, 3H), 0.87 (d, J = 6.3 Hz, 3H); 
NMR (CD3OD) 8 19.7. • 



Example 60 



Metabolite X 69: Monophospbolactate 68 (1.4 g, 1.60 mmol) was dissolved in CH3CN (20 
mL) and H2O (20 mL). 1.0 NNaOH (3.20 mL, 3.20 mmoO was added. The reaction mixture 

10 was stirred at room tenq)«:atiire for 1.5 h and cooled to 0°C The reaction mixture was 

acidified to pH = 1-2 with 2 N HQ (1.6 mL, 3.20 mmoL). The solvent was evaporated under 
reduced pressure. The crude product was purified by HPLC to give the metabolite X (0.60 g, 
49%, GS 273842) as a white sohd: 'H NMR (DMSO-de) 5 7.72 (d, J = 8.7 Hz, 2H), 7.33 (m, 
4H), 7.09 (d, J = 9.0 Hz, 2H), 5.52 (d, J = 5.7 Hz, IH), 5.1 (broad, s, IH), 4.85 (m, IH), 4.63 

15 (m. IH), 4.13 (m, 2H), 3.8 (na, 5H), 3.6 (m. 4H), 3.36 (m, IH). 3.03 (m, 4H), 2.79 (no. 3H). 
2.5 (m, IH), 2.0 (m, 3H), 1.5-1.3 (m, 5H), 0.85 (d, J = 6.6 Hz, 3H), 0.79 (d, J = 6.6 Hz, 3H); 
^'P NMR (DMSO-de) 5 21.9. 
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Scheme 19 
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Scheme 20 
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Scheme 21 
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Example 61 

Monophospholactate 70: A sohition of 59 (1.48 g, 1.74 mmol) and Boc-L-valine (0.38 g, 
1.74 mmol) in CH2CI2 (30 mL) at 0°C was treated with 1,3- dicyclohexylcarbodiimide (0.45 
g, 2.18 mmoO and 4-dimethylaminopyridine (26 mg, 0.21 mmol). The reaction mixture was 
stiired at 0°C for 1 h and then warmed to room temperature for 2 h. The product was 
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partitioned between CHaCfe and 0.2 N HCL The organic layer was washed with H2O, dried 
with Na2S04, fBtered, and concentrated. The crude product was purified by cohinm 
chronaatography on siKca gel (4% 2-propanol/CH2a2) to give the monophospholactate (1.65 
g, 90%) as a white solid. 

5 " 

RxampTft fO. 

Monophospholactate 71: A sohition of 70 (1.65 g, 1.57 mmo^) m CH2CI2 (8 mL) at O'^C was 
treated with trifluoroacetic acid (4 niL). The solution was stirred for 30 min at 0**C and then 
wanned to room temperature for an additional 30 min. The reaction mixture was diluted with 

10 toluene and concentrated under reduced pressure. The crude product was purified by column 
chromatogr^hy on silica gel (10% 2-propanol/CB[2a2) to give the monophospholactate 
(1.42 g, 85%, GS 278635, 2/3 diastereomeric mixture) as a white solid: NMR (CDQa) 5 
7.73 (m, 2H), 7.49 (d, J = 7.2 Hz, 2H), 7.4-7.1 (m, 7H), 6.89 (m, 2H), 5.64 (m, IH), 5.47 (m, 
IH), 5.33-5.06 (m, 4H), 4.57^.41 (m, 2H), 4.2 (m, 2H), 3.96-3.7 (m, 7H), 3.15-2.73 (m, 7H), 

15 2.38 (m, IH), 1.9 (m, IH), 1.7 (m, IH), 1.63-1.5 (m, 4H), 1.24 (m, 3H), 1.19 (m, 6H), 0.91 
(4 3H), 0.88 (d, 3H); ^^P NMR (CDQa) 5 17.3, 15.4. 



Example 63 

Monophospholactate 73: A solution of 72 (0.43 g, 0.50 mmol) and Boc-L-valine (0.11 g, 
20 0.50 mmol) in CH2CI2 (6 mL) was treated with 1,3-dicyclohexylcarbodiimide (0. 13 g, 0.63 
nunol) and 4-dimethylaminopyridine (62 mg, 0.5 mmol). The reaction mixture was stirred at 
room temperature overnight. The product was partitioned between CH2Cfc and 0.2 N HCL 
The organic layer was washed with H2O, dried with Na2S04, filtered, and concentrated. The 
crude product was purified by colxman chromatography on silica gel (2% 2-propanol/CH2Cl2) 
25 to give the monophospholactate (0.45 g, 85%) as a white solid. 

Example. 64 

Monophospholactate 74: A solution of 73 (0.44 g, 0.42 mmol) in CH2CI2 (1 mL) at O^'C was 
treated with trifhioioacetic acid (0.5 niL). Tte solution was stirred for 30 min at 0°C and 
30 then warmed to room temperature for an additional 30 min. The reaction mixture was diluted 
with toluene and concentrated under reduced pressure. The crude product was purified by 
cohimn chromatography on silica gel (10% 2-propanol/CH2Cl2) to give the 
monophospholactate (0.40 g, 90%, GS 278785, 1:1 diastereommc mixture) as a white solid: 
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NMR (CDCI3) 6 7.69 (d, J = 8.4 Hz, 2H), 7.34-7.2 (m. 7H). 6.98 (d, J = 8.4 Hz, 2H). 6.88 
(m, 2H), 6.16 (m, IH), 5.64 (m, IH), 5.46 (m, IH), 5.2-5.0 (m, 2H), 4.5 (m, 2H), 4.2 (m, 3H), 
4.0-3.4 (m, 9H), 3.3 (m, IH), 3.0-2.8 (m, 5H), 2.5 (m, IH), 1.83 (m, IH), 1.6-1.5 (m, 5H), 
125 (m, 3H), 1.15 (m, 6H), 0.82 (d, J = 6.6 Hz, 3H), 0.76 (d, J = 6.0 Hz, 3H); ^^P NMR 
5 (CDQa) 6 17.3, 15.5. 

Example fi5 

Cbz Amide 76: Con^und 75 (0.35 g, 0.69 nmiol) was dissolved in CHaCasf (6 mL). 
Bis(trimethylsilyl)acetamide (BSA, 0.67 mL, 2.76 mmol) was added. The reaction mixture 

10 was heated to reflux for 1 h, cooled to room temperature, and concentrated. The residue was 
co-evaporated with toluene and chloroform and dried under vacuum to give a thick oil which 
was dissolved in CH2CI2 (3 mL) and cooled to O^'C. Pyridine (0.17 mL, 2.07 mmol) and 
benzyl chloroformate (0.12 mL, 0.83 mmol) were added. The reaction mixture was stirred at 
O^C for 1 h and then warmed to room tenq)erature overnight. The reaction was quenched 

15 with MeOH (5 mL) and 10% HQ (20 mL) at O^^C and stirred for 1 h. The product was 
extracted with CHzCfc, washed with brine, dried with Na2S04, filtered, and concentrated. 
The crude product was purified by cohmm chromatography on silica gel (3% 2- 
propanol/CHaCU) to give the CBz amide (0.40 g, 90%) as a white solid. 

20 Example 66 

Dibenzylphosphonate 77: A solution of 76 (0.39 g, 0.61 mmol) and li/-tetrazoIe (54 mg, 
0.92 mmol) in CH2CI2 (8 mL) was treated with dibenzyldiisopropylphosphoramidite (0.32 g, 
0.92 mmol) and stirred at room ten5)erature overnight. The solution was cooled to O^C, 

■ 

treated with mCPB A, stirred for 1 h at 0°C and then warmed to room tenqperature for 1 h. 
25 The reaction mixture was poured into a mixture of aqueous Ns^SOa and NaHCOa and 

extracted with CH2CI2. The organic lay^ was washed with H2O, dried with Na2S04, filtered, 
and concentrated. The crude product was purified by column chromatography on silica gel 
(3% 2-propanol/CH2a2) to give the dibenzy^hosphonate (0.42 g, 76%) as a white solid. 

30 Example 67 

Disodium Salt of Phosphonic Acid 78: To a solution of 77 (0.18 g, 0.20 mmol) in EtOH (20 
mL) and EtOAc (4 mL) was added 10% Pd/C (40 mg). The suspension was stirred und^ H2 
atmosphere (balloon) at room temperature for 4 h. The reaction mixture was filtered through 
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a plug of celite. The filtrate was concentrated and dried under vacuum to give the 
phosphonic acid (0.11 g, 95%) which was dissolved in H2O (4 mL) and treated with NaHCQa 
(32 mg, 0.38 mmoJ). The reaction mixtuie was stined at room ten^»ature for 1 h and 
lyophotyzed overnight to give the disodium salt of phosphonic acid (0.12 g, 99%, GS 
277962) as a white solid: 'H NMR (D2O) 5 7.55 (dd, 2H), 7.2 (m, 5H), 7.77 (dd, 2H), 4.65 
(m, IH), 4.24 (m, IH), 4.07 (m, IH), 3.78-2.6 (m, 12H), 1.88-1.6 (m. 3H), 0.75 (m, 6H). 
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Sdieme 1 




I. H2/10%Pd-C/EtOAc-EtOH ; Il.TfaNPh/CsaCOa; 
III. Bu3SnCH=CHa/PdCl2(PPh3)2/LiCI/DMF/90 C; 
IV-a.TFA/CH2Cl2;b.Bisfurancarbonate/i-Pr2NEt/DMAP; 
V.Nal04/Os04/EtOAc-H20 

Example 1 

Con^KJund 1 was prepared by methods from Examples herein. 
Example 2 

Conpound 2: To a solution of co^^)Ound 1 (47.3 g) in EtOH/EtOAc (1000 mlVSOO mL) was 
added 10% Pd-C (5 g). The nuxture was hydrogenated for 19 hours. Celite was added and 
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the mixture was stirred for 10 minutes. The mixture was filtered through a pad of celite and 
was washed with ethyl acetate. Concentration gave confound 2 (42.1 g). 

5 Con5)ound 3: To a solution of con5)ound 2 (42.3 g, 81 mmol) in CH2CI2 (833 mL) was 
added N-phenyltrifluoromethanesulfonimide (31.8 g, 89 mmol), followed by cesium 
carbonate (28.9 g» 89 mmol). The mixture was stirred for 24 hours. The solvent was 
removed under reduced pressure, and ethyl acetate was added. The reaction mixture was 
washed with water (3x) and brine (Ix), and was dried over MgS04. Purification by flash 
10 cohimn chromatography (CH2Cl2/EtOAc = 13/1) gave con:q>ound 3 (49.5 g) as a white 
powder. 

Exaniple 4 

Con5)Ound4: To a solution of con^und 3 (25.2, 38.5 mmol) in DMF (240 mL) was added 
15 lithium chloride (1 1.45 g, 270 mmol), foUowed by dichIorobis(triphenylphosphine) 
palladium(II) (540 mg, 0.77 mmol). The mixture was stirred for 3 minutes under high 
vacuum and recharged with nitrogen. To the above solution was added tributylvinyltin 
(11,25 mL). The reaction mixture was heated at 90**C for 6 hours and cooled to 25^G Water 
was added to the reaction, and the mixture was extracted with ethyl acetate (3X). The 
20 combined organic lay^ was washed with water (6x) and brine, and dried over MgS04. 

Concentration gave an oiL The oil was diluted with dichloromethane (40 mL), water (0.693 
mL, 38.5 mmol) and DBU (5.76 mL, 38.5 mmo^ were added . The mixture was stkred for 5 
minutes, and subjected to flash column chromatography (hexanes/BtOAc = 2.5/1). 
Compound 4 was obtained as white solid (18.4 g). 

25 

Example 5 

Confound 5: To a solution of con5)oimd 4 (18.4 g, 34.5 mmol) in CH2Ca2 (70 mL) at O'^C 
was added trifluoroacetic acid (35 mL). The mixture was stirred at 0**C for 2 hrs, and 
solvents were evaporated under reduced pressure. The reaction mixture was quenched with 
30 saturated sodium carbonate solution, and was extracted with ethyl acetate (3x). The 

combined organic layer was washed with saturated sodium carbonate solution(lx), water 
(2x), and brine (Ix), and dried over MgS04. Concentration gave a solid. To a solution of the 
above solid in acetonitrile (220 mL) at O^C was added bisfurancarbonate (10.09 g, 34.2 
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miDolX followed by di-isopropylethylamine (12.0 mL, 69.1 mmol) and DMAP (843 mg, 6.9 
miDo^. The mixture was wanned to 25°C and stirred for 12 hours. Solvents were removed 
under reduced pressure. Hie mixture was diluted widi ethyl acetate, and was washed with 
wat^ (2X), 5% hydrochloric acid (2x), water (2x), IN sodium hydroxide (2x), water (2x), 
5 and brine (Ix), and dried over MgS04. Purification by flash column chromatography 
(hexanes/EtOAc = 1/1)) gave conqpound 5 (13.5 g). 

t 

Example 6 

CoiiQ)ound 6: To a solution of conq)Ound 5 (13.5 g, 23 mmoQ in ethyl acetate (135 mL) was 
10 added water (135 mL), followed by 2.5% osmium tetraoxide/tert-butanol (17 mL). Sodium 
periodate (11.5 g) was added in portions over 2 minutes period. The inixture was stirred for 
90 minutes, and was diluted with ethyl acetate. The organic layer was separated and washed 
with water (3x) and brine (Ix), and dried over MgS04. Purification by flash cohmin 
chromatography (hexanes/EtOAc = Vz) gave conq>ound 6 as white powder (12 g): NMR 
15 (CDCI3) 8 9.98 (1 H, s), 7.82 (2 H, m), 7.75 (2 H, m), 7.43 (2 H, m), 6.99 (2 H, m), 5.64 (1 H, 
m), 5.02 (2 H, m), 4.0-3.8 (9 H, m), 3.2-2.7 (7 H, m). 1.9-1.4 (3 H, m), 0.94 (6 H, m). 
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I. a..SOa2/toluene/60 C; b. PhOH/|:)yrldine; II. a-NaOH/THF/HaO; b. HCI; 
IIL b.SOCI^/toIuene/eo C; c.ethyl lactate/pyridine; IV. H2/1 0%Pd-C/EtOAc 




I. auTFA/CHgCla; b. bisfurancarbonateAi-PrgNE^MAP; II. a.EtaSiCI/lmidazole/DMF; 
b. Ha/20%Pd{OH)2-C/iPrOH; III. Des-Martin reagem/CHgCIg 



-1406- 



wo 03/090690 PCTAJS03/12901 



11 




17 



I. a. NaBHsCN/HOAc/EtOAc; b. 2%HF/CH3CN; 

II. HCHO/NaBHaCN/HOAc/EtOAc 

Example 8 

Coinpound 8: To the suspension of conq)Ound 7 (15.8 g, 72.5 nunol) in toluene (140 mL) 
5 was added DMF (1.9 mL), followed by thionyl chloride (53 mL, 725 mmol). The reaction 
mixture was heated at 60^C for 5 hrs, and evaporated under reduced pressure. The mixture 
was coevaporated with toluene (2x), EtOAc, and CH2CI2 (2x) to afford a brown solid. To the 
solution of the brown solid in CH2CI2 at O^C was added phenol (27.2 g, 290 mmol), followed 
by slow addition of pyridine (35 mL, 435 mmol). The reaction mixture was allowed to warm 
10 to 25°C and stirred for 14 hrs. Solvents were removed under reduced pressure. The mixture 
was diluted with EtOAc, and washed with water (3x) and brine (Ix), and dried over MgS04. 
Concentration gave a dark oil, which was purified by flash column chromatography 
(hexanes/EtOAc = 4/1 to 1/1) to afford compound 8 (12.5 g), 

15 Exam plft Q 
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Compound 9: To a solution of compound 8 (2.21 g, 6 mmol) in THF (30 niL) was added 12 
mL of 1.0 N NaOH solution. The mixtxire was stirred at 25°C for 2 hours, and THF was 
removed under reduced pressure. The noixture was diluted with water, and acetic acid (343 
mL, 6 mmol) was added. Tlie aqueous phase was washed with EtOAc (3x), and then 
5 acidified with concentrated HQ imtil pH = L The aqueous was extracted with EtOAo (3x). 
The cornbined organic laya: was washed with water (Ix) and brine (Ix), and dried over 
MgS04. Concentration imd^ reduced pressure gave compound 9 as a solid (1.1 g). 

Example 10 

10 Con5>ound 10: To a suspension of compound 9 (380 mg, 1.3 mmol) in toluene (2.5 mL) was 
added thionyl chloride (1 mL, 13 mmol), followed by DMF (1 drop). The mixture was 
heated at 60^C for 2 hours. The solvent and reagent were removed under reduced pressure. 
The naixture was coevaporated with toluene (2x) and CH2CI2 to give a white solid. To the 
solution of the above solid in CH2CI2 (5 nd) at -20''C was added ethyl lactate (294 pL, 2.6 

15 mmol), foDowed by pyridine (420 pL, 5.2 mmol). The mixture was warmed to 25**C and 

stirred for 12 hours. The reaction mixture was concentrated under reduced pressure to give a 
yellow solid, which was purified by flash column chromatography to generate coii5>ound 10 
(427 mg). 

20 Exanq)lell 

Conq)oimd 11: To a solution of compound 10 (480 mg) in EtOAc (20 mL) was added 10% 
Pd-C(80mg). The reaction mixture was hydrogenated for 6 hrs. The mixture was stirred 
with celite for 5 mins, and filtered through a pad of celite. Concentration under reduced 
pressure gave con^und 11 (460 mg). 

25 

Examplft 1 1 

Compound 12 was prepared by the methods of the Exan^jles herein 
Example 13 

30 Con5)ound 13: To a sohition of compound 12 (536 mg, 1.0 mmol) in CH2CI2 (10 mL) was 
added trifluoroacetic acid (2 mL). The mixture was stirred for 2 hrs, and was concentrated 
under reduced pressure. The liquid was coevaporated with CH2Cfe (3x) and EtOAc (3x) to 
give a brown solid. To the solution of above brown solid in acetonitrile (6.5 mL) at 0**C was 
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added bisfiirancarbonate (295 mg, 1.0 mmol), followed by diisopropylethylaxnine (350 pJL, 
2.0 mmol) and DMAP (24 mg). The nuxture was wanned to 25**C, and was stirred for 12 hrs. 
The mixture was diluted with EtOAc, and was washed sequentially with water (2x), 0.5 N 
HQ (2x), water (2x), 0.5 N NaOH solution (2x), water (2x), and brine (Ix), and dried over 
5 MgS04. Purification by flash column chromatography (hexanes/EtOAc = 1/1) ajSbrd 
corq)ound 13 (540 mg). 

Example 14 

Compound 14: To a solution of conq)ound 13 (400 nig, 0.67 mmo^) in DMF (3 mL) was 
10 added imidazole (143 nog, 2.10 mmol), followed by triethylchlorosilane (224 pL, 1.34 

mmol). The nnxture was stirred for 12 hours. The mixture was diluted with EtOAc, and was 
washed with water (5x) and brine, and dried over MgS04. Purification by flash column 
cfaronoatography (hexanes/EtOAc = 2/1) gave a white solid (427 mg). To the solution of 
above solid in isopropanol (18 mL) was added 20% paUadium(]I) hydroxide on carbon (120 
15 mg). The mixture was hydrogenated for 12 horns. The mixture was stirred willi celite for 5 
mins, and filtered through a pad of celite. Concentration under reduced pressure gave 
confound 14(360 mg). 

Examplft I S 

20 Compound 15: To a solution of compound 14 (101 mg, 0.18 nmiol) in CH2CI2 (5 mL) was 
added Dess-Martin periodiane (136 mg, 0.36 n3n!iol). The mixture was stirred for 1 hour. 
Purification by flash column chromatography (hexanes/EtOAc = 2/1) gave confound 15 (98 
mg). 

25 Example 16 

Compound 16: To a solution of compound 15 (50 mg, 0.08 mmol) in EtOAc (0.5 mL) was 
added conqwund 11 (150 mg, 0.41 mmol). The mixture was cooled to O^'C, acetic acid (19 
jiL, 0.32 mmol) was added, foUowed by sodium cyanoborohydride (10 mg, 0. 16 nmiol). The 
mixture was warmed to 25^C, and was stirred for 14 hrs. The mixture was diluted with 
30 EtOAc, and was washed with water (3x) and brine, and was dried over MgS04. 

Concentration gave a oiL To the solution of above oil in acetonitrile (2.5 mL) was added 
48% HF/CH3CN (0.1 mL). The mixture was stirred for 30 minutes, and was diluted with 
EtOAc. The organic phase was washed with water (3x) and brine (Ix), and was dried over 
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1*<^S04. Praification by flash cohmm chromatography (CHzCfc/iPrOH = 100^) gave 
compound 16 (50 mg): NMR (CDOs) 5 7.72 (2 H, d, J = 8.9 Hz), 7.15-7.05 (7 H, m). 
7.30 (2 H, d, J = 8.9 Hz), 6.64 (2 H, m), 5.73 (1 H, m). 5.45 (1 H, m), 5.13 (1 H, m), 4.93 (1 
H, m), 4.22-3.75 (11 H, m), 3.4 (4 H, m), 3.35-2.80 (5 H, m), 2.1-1.8 (3 H, m), 1.40-1.25 (6 
5 H, m), 0.94 (6 H, m). 

HTamplft 17 

Conipoimd 17: To a solution of coiq>ound 16 (30 mg, 0.04 weooT) in EtOAc (0.8 mL) was 
added 37% formaldehyde (26 )JJL, 0.4mmol). The mixture was cooled to 0°C, acetic acid 

10 (20 (xL, 0.4 mmol) was added, followed by sodium cyanoborohydride (22 mg, 0.4 mmol). 
The mixture was warmed to 25°C, and was stirred for 14 hrs. The mixture was diluted with 
EtOAc, and was washed with water (3x) and hrine, and was dried over MgS04. Purification 
by flash column chromatography (CH2a2/iPrOH = 100/3) gave confound 17 (22 mg): 
NMR (CDOs) 5 7.63 (2 H, m), 7.3-6.9 (9 H, m), 6.79 (2 H, m), 5.68 (1 H, m), 5.2 (1 H, m), 

15 5.10 (1 H, m), 4.95 (1 H, m), 4.22 (2 H, m), 4.2-3.7 (21 H, m), 2.0-1.7 (3 H, m), 1.4-1.2 (6 H, 
m), 0.93 (6 H, m). 



1 
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Schemes 




I, a.HCHO/100 C; b. HCI/100 C; c.HBr/120 C;d. Boc20/Na2C03 II. aTfaNPh/CseCOa; 

b. Bu3SnCH=CH2/UCI/PdCl2(PPh3)2/90 C; lll.a. Nal04/Os04; b. NaBH4; 

IV. a. CBr4/PPh3; b. (BnO)2POH/Cs2C03; V. H2/10% Pd-C;VI. a. PhOH/DCC; b. NaOH; C. HCI; 

VIL Ethyl lactate/BOP; VIILTFA/CH2CI2; VIII. compound IS/NaBHaCN/HOAc. 



Example 18 

ConqK>und 18: Con^und 18 was purchased from Aldricb. 

Example 1 Q 
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CoB^oimd 19: To cojocpound 18 (12.25 g, 81.1 mmol) was added 37% formaldehyde (6.15 
mL, 82.7 nnnol) slowly. The mixture was heated at lOO^C for 1 hour. The mixture was 
cooled to 25**C, and was diluted with benzene, and was washed with water (2x). 
Concentration under reduced pressure gave a yellow oil To above oil was added 20% HCl 
5 (16 mL), and the mixture was heated at lOO^C for 12 hours. The naixture was basified with 
40% KOH solution at 0°C, and was extracted with EtOAc (3x). The combined organic layer 
was washed with water and brine, and was dried over MgS04. Concentration gave a oil. To 
the oil was added 48% HBr (320 mL), and the mixture was heated at 120''C for 3 hours. 
Water was removed at 100°C under reduced pressure to give a toown soUd. To the solution 

10 of above sohd in water/dioxane (200 mL/200mL) at O^C was added sodium carbonate (25.7 
g, 243 nunol) slowly, foUowed by di-tert-butyl dicarbonate (19.4 g, 89 mmol). The mixture 
was wanned to 25°C and stirred for 12 hours. Dioxane was removed under reduced pressure, 
and the remaining was extracted with EtOAc (3x). The combined organic phase was washed 
with water (3x) and brine, and was dried over MgS04. Purification by flash column 

15 chromatography (hexanes/EtOAc = 4/1 to 3/1) gave con5)ound 19 as white sohd (13.6 g). 

Conq>ound 20: To a solution of compound 19 (2.49 g, 10 mmol) m CH2CI2 (100 mL) was 
added N-phenyltrifluoromethanesuLfonimide (3.93 g, 11 mmol), followed by cesium 

20 carbonate (3.58 g, 11 mmol). The mixture was stirred for 48 hours. The solvent was 

removed under reduced pressure, and ethyl acetate was added. The reaction mixture was 
washed with water (3x) and brine (Ix), and was dried over MgS04. Purification by flash 
coliman chromatography (hexanes/EtOAc = 6/1) gave a white sohd (3.3 g). To the solution 
of above sohd (2.7 g, 7.1 mmol) in DMF (40 mL) was added Uthmm chloride (2.11 g, 49.7 

25 mmol), followed by dichlorobis(triphenylphosphine) palladium(II) (100 mg, 0.14 mmol). 
The mixture was sticred for 3 minutes under high vacuum and recharged with nitrogen. To 
the above solution was added tributylvinyltin (2.07 mL, 7.1 mmol). The reaction mixture 
was heated at 90**C for 3 hours and cooled to 25^C. Water was added to the reaction, and the 
mixture was extracted with ethyl acetate (3X). The combined organic layer was washed with 

30 water (6x) and brine, and dried over MgS04. Concentration gave an oil. The oil was diluted 
with CH2a2 (5 mL), water (128 pL, 7.1mmoI) and DBU (1 mL, 7.1 mmol) were added. The 
mixture was stirred for 5 minutes, and was subjected to flash column chromatography 
(hexanes/EtOAc = 9/1). Compound 20 was obtained as white sohd (1.43 g). 
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Example 21 

Compound 21: To a solution of compound 20 (1.36 g, 5.25 mmol) in ethyl acetate (16 mL) 
was added water (16 mL), foDowed by 2.5% osmium tetraoxide/tert-butanol (2.63 mL). 
5 Sodium periodate (2.44 g) was added in portions over 2 minutes period. The mixture was 
stirred for 45 minutes, and was diluted with ethyl acetate. The organic layer was separated 
and washed with water (3x) and hrine (Ix), and dried over MgS04. Concentration gave a 
hrown soUd. To the solution of above sohd in methanol (100 mL) at 0°C was added sodium 
borohydride. The mixture was stirred for 1 hour at 0°C, and was quenched with saturated 
10 NH4Cl(40mL). Methanol was removed und^ reduced pressure, and the remaining was 
extracted with EtOAc (3x). The combined organic layer was washed with water and bine, 

. and was dried over MgS04. Purification by flash column chromatography (hexanes/EtOAc = 
2/1) gave conopound 21 (1.0 g). 

15 Example 22 

Con?)ound 22: To a sohition of compound 21 (657 mg, 2.57 mmol) in CH2CI2 (2 mL) was 
added a solution of tetrahromocarbon (1.276 g, 3.86 xamoT) in CH2CI2 (2 mL). To the above 
mixture was added a sohition of triphenylphsophine (673 mg, 2.57 mmol) in CH2CI2 (2 mL) 
over 30 minutes period. The mixture was stirred for 2 hours, and was concentrated under 
20 reduced pressure. Purification by flash column chromatography (hexanes/EtOAc = 9/1) gave 
the bromide intermediate (549 mg). To the solution of above bromide (548 mg, 1.69 mmol) 
in acetonitrile (4.8 mL) was added dibenzyl phosphite (0.48 mL, 2.19 mmol), followed by 
cesium carbonate (828 mg, 2.54 mmol). The mixtiire was stirred for 48 hours, and was 
diluted with EtOAc. 

25 The mixture was washed with water (3x) and brine, and was dried over MgS04. Purification 
by flash column chromatography (hexanes/EtOAc = 3/1 to 100% EtOAc) gave conq>ound 22 
(863 mg). 

Example 23 

30 Con5)Ound 23: To a solution of conpound 22 (840 mg) in ethanol (80 mL) was added 10% 
palladium on carbon (200 mg). The mixture was hydrogenated for 2 hours. The mixture was 
stirred with celite for 5 mins, and was filtered through a pad of celite. Concentration under 
reduced pressure gave conqK)und 23 (504 mg). 
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Example 24 

Compound 24: To a solution of conqpomid 23 (504 mg, 1.54 mmol) in pyridine (10.5 mL) 
was added phenol (1.45 g, 15.4 mmol), followed by DCC (1.28 g, 6.2 mmo^>. The mixture 
5 was heated at 65°C for 3 hours, and pyridine was removed under reduced pressure. The 
mixture was diluted with EtOAc (5 ml), and was filtered and washed with EtOAc (2x5 mL). 
Concentration gave a oil, which was purified by flash cohman chromatography 
(CH2Cl2/isopropanol = 100/3) to give diphenylphosphpnate intermediate (340 mg). To a 
solution of above compound (341 mg, 0.71 mmol) in THF (1 mL) was added 0.85 mL of 1.0 

10 N NaOH solution. The mixture was stirred at 25**C for 3 hours, and TEDF was removed under 
reduced pressure. The mixture was diluted with water, and was washed with EtOAc (3x), 
and then acidified with concentrated HQ until pH = 1. The aqueous was extracted with 
EtOAc (3x). The combined organic layer was washed with water (Ix) and brine (Ix), and 
dried over MgS04. Concentration und^ reduced pressure gave com{>ound 24 as a solid (270 

15 mg). 

Example 25: 

Con^jound 25: To a solution of con?)Ound 24 (230 mg, 0.57 mmol) in DMF (2 mL) was 
added ethyl (s)-lactate (130 pL, 1.14 mmol), followed by diisopropylethylamine (400 |XL, 
20 2.28 mmol) and benzotriazol-l-yloxytris(dimethylainino)phosphoDdum hexafluorophosphate 
(504 mg, 1.14 mmol). The mixture was stirred for 14 hours, was diluted with EtOAc. The 
organic phase was washed with water (5x) and brine (Ix), and was dried over MgS04. 
Purification by flash column chromatogr^hy (CH2Cl2/isopropanol = 100/3) gave compound 
25(220mg). 

25 

Example 26 

CoDotpound 26: To a solution of con5)ound 25 (220 mg) in CH2CI2 (2 mL) was added 
trifluoroacetic acid (1 mL). The mixture was stirred for 2 hrs, and was concentrated under 
reduced pressure. The mixture was diluted with EtOAc, and was washed with saturated 
30 sodium carbonate solution, water, and brine, and was dried over MgS04. Concentration gave 
compound 26 (170 mg). 

Example 27 
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Coii5)ound 27: To a sohitioii of coiqpound 15 (258 mg, 0.42 mmol) in EtOAc (2.6 mL) was 
added coiEpoimd 26 (170 mg, 0.42 mmo^), followed by acetic acid (75 pL, 1.26 nnnol). The 
mixture was stirred for 5 minutes, and sodium cyanoborohydride (53 mg, 0.84 mmol) was 
added. The mixture was stirred for 14 hrs. The mixture was diluted with EtOAc, and was 
5 washed with saturated sodium bicarbonate solution, water (3x) and brine, and was dried over 
MgS04. Purification by flash column chromatography (CHaClz/iPrOH = 100/4 to 100/6) 
gave the intermediate (440 mg). To the solution of above conq)Ound (440 mg) in acetonitrile 
(10 mL) was added 48% HF/ CH3CN (0.4 mL). The mixture was stirred for 2 hours, and 
acetonitrile was removed under reduced pressure. The remaining was diluted with EtOAc, 
10 and was washed with water (3x) and brine (Ix), and was dried o\cx MgS04. Purification by 
flash column chromatography (CH2Cl2/iPrOH = 100/5) gave conqwjund 27 (120 mg): 
NMR (CDCI3) 8 7.70 (2 H, m), 7.27 (2 H, m), 7.15 (5 H, m), 6.95 (3 H, m), 5.73 (1 H, m), 
5.6-5.4 (1 H, m), 5.16 (1 H, m), 4.96 (1 H, m), 4.22-3.60 (13 H, m), 3.42 (2 H, m), 3.4-2.6 
(11 H, m), 2.1-3.8 (3 H, m), 1.39 (3 H, m), 1.24 (3 H, m), 0.84 (6 H, m). 

15 
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Schemed 




O 

1. TfOCH2PO(OBn)2/Cs2C03 ILMg^l 0% Pd-C; lll.a TFA/CH2Cr2; 

b.CbzCI/NaOH; IV. aSOCIa/eO Ob, PhOH/pyridine; V. a. NaOH/THF; 

b. HCI; c. SOaa/eo C; d. Ethyl (s)Uctate/pyridine; VI. H^10% Pd-C/HOAc; 

VII. a. compound 1 S/NaBHaCN/HOAc; b. 2%HFyCH3CN; 

VIII. esterase/1 .0 PBS buffer/CHaCN/DMSO 



Example 28 

CoDDjwund 28: To a solution of compound 19 (7.5 g, 30 mmol) in acetonitrile (420 mL) was 
added dibenzyl triflate (17.8 g, 42 mmol), followed by cesium carbonate (29.4 g, 90 mmol). 
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The mixture was stirred for 2^ hours, and was filtered. Acetonitrile was removed under 
reduced pressure^ and the remaining was diluted with EtOAc. The mixture was washed with 
water (3x) and brine, and was dried over MgS04. Purification by flash column 
chromatography (hexanes/EtOAc = 2/1 to 1/1) gave compound 28 (143 g). 

5 

Example 29 

Compound 29: To a solution of conq>ound 28 (14.3 g) in ethanol (500 mL) was added 10% 
palladium on carbon (L4S g). The mixture was hydrogenated for 2 hours. The mixture was 
stirred with celite for 5 mins, and was filtered through a pad of celite. Concentration und^ 
10 reduced pressure gave compound 29 (9.1 g). 

Example 30 

Compound 30: To a sohition of coii5)ound 29 (9.1 g) in CH2CI2 (60 mL) was added 
trifluoroacetic acid (30 mL). The mixture was stirred for 4 hrs, and wais concentrated under 

15 reduced pressure. The mdxture was coevaporated with CH2CI2 (3x) and toluene» and was 

dried under high vacuum to give a white sohd. The white solid was dissolved in 2.0 N NaOH 
sohition (45 mL» 90 mmol), and was cooled to O^C. To the above solution was added slowly 
a solution of benzyl chloroformate (6.4 mL, 45 mmol) in tohiene (7 mL). The mixture was 
warmed to 25^C, and was stirred for 6 hours. 2.0 N sodium hydroxide was added to above 

20 solution until pH =1 1. The aqueous was extracted with ethyl ether (3x), and was copied to 
O^C. To the above aqueous phase at O^C was added concentrated HCl until pH = 1. The 
aqueous was extracted with EtOAc (3x). The combine organic layers were washed with 
brine, and were dried over MgS04. Concentration gave conQ)ound 30 (11.3 g) as a white 
sohd. 

25 

Example 31 

Compound 31: To the suspension of conq)ound 30 (11.3 g, 30 mmol) in toluene (150 mL) 
was added thionyl chloride (13 mL, 180 mmol), followed by DMF (a few drops). The 
reaction mixture was heated at 65^C for 4.5 hrs, and evaporated under reduced pressure. The 
30 mixture was coevaporated with toluene (2x) to afford a brown solid. To the solution of the 
brown soUd in CH2CI2 (120 ml) at QPC was added phenol (1 1.28 g, 120 mmol), followed by 
slow addition of pyridine (14.6 mL, 180 mmol). The reaction mixture was allowed to warm 
to 25^C and stirred for 14 hrs. Solvents were renK>ved under reduced pressure. The mixture 
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was diluted with EtOAc, and washed with water (3x) and biine (Ix), and dried over MgS04. 
Concentration gave a daik oil, which was purified by flash column chromatography 
(hexanes/EtOAc = 3/1 to 1/1) to afford conqpound 31 (9.8 g). 

5 Example 32 

ConqK)und 32: To a solution of con5)Ound 31 (9.8 g, 18.5 mmol) in THF (26 mL) was added 
20.3 mL of 1.0 N NaOH solution. The mixture was stirred at 2S°C for 2.5 hours, and THF 
was removed imder reduced pressure. The mixture was diluted with water, and was washed 
with EtOAc (3x). The aqueous phase was cooled to 0°C, and was acidified with concentrated 

10 HQ until pH = 1. The aqueous was extracted with EtOAc (3x). The combined organic lay^ 
was washed with water (Ix) and brine (Ix), and dried over MgS04. Concentration under 
reduced pressure gave a solid (8.2 g). To a suspension of above solid (4.5 g, 10 mmol) in 
toluene (50 mL) was added thionyl chloride (4.4 mL, 60 mmol), followed by DMF (0.2 mL). 
The mixture was heated at 70**C for 3.5 hours. The solvent and reagent were removed under 

15 reduced pressure. The mixture was coevaporated with toluene (2x) to give a white soUd. To 
the solution of the above sohd in CH2CI2 (40 mL) at 0**C was added ethyl (s)-lactate (2.3' mL, 
20 mmol), followed by pyridine (3.2 naL, 40 mmol). The mixture was warmed to 25°C and 
stirred for 12 hours. The reaction mixture was concentrated under reduced pressure, and was 
diluted with EtOAc. The organic phase was washed with 1 N HO, water, and brine, and was 

20 dried over MgS04. Purification by flash column chronoatography (hexanes/EtOAc = 2/1 to 
1/1) gave compound 32 (4.1 g). 

Example 33 

ConqKJund 33: To a solution of con^und 32 (3.8 g, 6.9 mmol) in EtOAc/EtOH (30 mL/30 
25 mL) was added 10% palladium on carbon (380 mg), followed by acetic acid (400 pJL, 6.9 

mmoQ. The mixture was hydrogenated for 3 hours. The mixture was stirred with celite for 5 
mins, and was filtered through a pad of cehte. Concentration under reduced pressure gave 
con]{)ound 33 (3.5 g). 

30 Example 34 

Compound 34: To a solution of con^wund 15 (1.70 g, 2.76 mmol) in EtOAc (17 mL) was 
added compound 33 (3.50 g, 6.9 mmol). The mixture was stirred for 5 minutes, and was 
cooled to 0**C, and sodium cyanoborohydride (347 mg, 5.52 mmol) was added. The mixture 
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was Stirred for 6 hrs. The mixture was diluted with EtOAc, and was washed with saturated 
sodium bicarbonate solution, water (3x) and farine, and was dried over MgS04. Purification 
by flash cohinm chromatography (CH2Cl2/iPrOH = 100/6) gave the intermediate (3.4 g). To 
the sohition of above con5)ound (3.4 g) in acetonitrile (100 mL) was added 48% HF/ CH3CN 
(4 mL). The nuxture was stirred for 2 hours, and acetonitrile was removed under reduced 
pressure. The remaining was diluted with EtOAc, and was washed with saturated sodium 
carbonate, water (3x), and brine (Ix), and was dried ovct MgS04. Purification by flash 
column chromatography (CH2Cl2^PrOH = 100/5) gave compound 34 (920 mg): NMR 
(CDCfe) 5 7.71 (2 H, m), 7.38-7.19 (5 H, m), 6.92 (3 H, m), 6.75 (2 H, m), 5.73 (1 H, m), 
5.57-5.35 (1 H, m), 5.16 (2 H, m), 4.5 (2 H, m), 4.2-3.6 (13 H, m), 3.25-2.50 (11 H, m), 2.0- 
1.8 (3 H, m), 1.5 (3 H, m), 1.23 (3 H. m), 0.89 (6 H, m). 

Compound 35: To a sohition of con5)ound 34 (40 ,mg) in CH3CN /DMSO (1 mL/0.5 mL) 
was added 1.0 M PBS buffer (5 mL), followed by esterase (200 jiL). The ndxture was heated 
at 40**C for 48 hours. The mixture was purified by reverse phase HPLC to give compound 35 
(11 mg). 
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Scheme 7 




I. a.SOa2/toluene/60 C; b. P{OEt)3/toluene/1 20 C; 

II. a. compound 14/Tf20;b. NaBH^EtOH/HOAc; c. 2% HF/CH3CN 



Example 36 

Con^und 36: Compound 36 was purchased from Aldrich. 

5 

Example 37 

Compound 37: To a solution of compound 36 (5.0 g, 40 mmol) in chloroform (50 mL) was 
added thionyl chloride (12 mL) slowly. The mixture was heated at 60**C for 2.5 hours. The 
mixture was concentrated under reduced pressure to give a yellow solid. To the suspension 

10 of above sohd (5.2 g, 37 mmol) in toluene (250 mL) was added triethyl phosphite (19 mL, 
370 mmol). The mixture was heated at 120^C for 4 hours, and was concentrated under 
reduced pressure to give a brown solid. The solid was dissolved in EtOAc, and was basified 
with 1.0 N NaOH. The organic phase was separated and was washed with water (2x) and 
brine, and was dried over MgS04. Purification by flash column chromatography 

15 (CHaCyiPrOH = 9/1) gave con5)ound 37 (4.8 g). 
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Example 38 

Coinpound 38: To a solution of coiopoimd 14 (100 mg, 0.16 mmo^ and conopomid 37 (232 
mg, 0.74 mmol) in CHiCk (1 mL) at -40'*C was added triflic anhydride (40 jlL, 0.24 mmol) 
slowly. The mixtuFe was warmed to 25°C slowly, and was stiired for 12 hours. The mixture 
S was concentrated, and was diluted with EtOH/EtOAc (2 mL/0.4 mL). To the above solution 
at O^C was added sodium borohydride (91 mg) in portions. The mixture was stkred at O^C 
for 3 hours, and was diluted with EtOAc. The mixture was wasli^ with saturated sodium 
bicarbonate, water, and brine, and was dried over MgS04. Purification by flash column 
chromatograph (CHaaa/iPrOH = 100/5 to 100/10) gave the intermediate (33 mg). To the 
10 solution of above intermediate in acetonitrile (2.5 mL) was added 48% HF/ CH3CN (0.1 mL). 
The mixture was stirred for 30 noinutes, and was diluted with EtOAc. The organic solution 
was washed with 0.5 N sodium hydroxide, water, and brine, was dried over MgS04. 
Purification by revise HPLC gave compound 38 (12 mg): NMR (CDCI3) 5 7.72 (2 H, d, 
J = 8.9 Hz), 7.02 (2 H, d, J = 8.9 Hz), 5.70 (1 H, m), 5.45 (1 H, m), 5.05 (1 H, m), 4.2-3.4 (19 

■ 

15 H, m), 3.4-Z8 (5 H, m), 2.45-2.20 (4 H, m), 2.15-1.81 ( 5 H, m), 1.33 (6 H, m), 0.89 (6 H, 
m). 
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Scheme 8 




O 



L a..SOCl2/toluene/60 C; b. AiOH/pyridine; 11. aNaOH/THF/HaO; b. HCI; 

III. b.SOCIa/loluene/eo C; cethyl lactate/pyridine; IV. H2/10%Pd-C/EtOAc/HOAc; 

V. a. compound e/MgSO^; b. HOAc/NaCNBHa 

* 

Example 39 

CoiDpound 39 was prepared by the methods of the previous Exaiiq>Ies. 
Example 40 

Coii5)oimd 40: To the suspension of compound 39 (4.25 g, 16.4 mmol) in toluene (60 mL) 
was added thionyl chloride (7.2 mL, 99 mmol), followed by DMF (a few drops). The 
reaction mixture was heated at 65°C for 5 hrs, and ev^>orated und^ reduced pressure. The 
Huxture was coevaporated with toluene (2x) to afford a brown solid To the solution of the 
brown solid in CH2CI2 (60 ml) at O'^C was added 2,6-dnnethylphenol (8.1 g, 66 mmol). 
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followed by slow addition of pyridine (8mL» 99 mmol). The reaction mixtuie was allowed to 
warm to 25**C and stirred for 14 hrs. Solvents were removed under reduced pressure. The 
mixture was diluted with EtOAc, and washed with water (3x) and brine (Ix), and dried over 
MgS04. Purification by flash column chromatography (hexanes/EtOAc = 3/1 to 1/1) 
5 afforded compound 40 (1.38 g). 

Example 41 . 

Conq)ound 41: To a solution of conq>ound 40 (1.38 g, 1.96 mmol) m THF (6 mL) was added 
3.55 mL of 1.0 N NaOH solution. The mixture was stirred at 25^C for 24 hours, and THF 
10 was removed under reduced pressure. The mixture was diluted with water, and was washed 
with EtOAc (3x). The aqueous phase was cooled to 0°C, and was acidified with concentrated 
HQ until pH = 1. The aqueous was extracted with EtOAc (3x). The conibined organic layer 
was washed with water (Ix) and brine (Ix), and dried over MgS04. Concentration under 
reduced pressure gave confound 41 as a white solid (860 mg). 

15 

Example 42 

CoEq>ound 42: To a suspension of con^und 41 (1.00 g, 2.75 mnool) in toluene (15 mL) was 
added thionyl chloride (1.20 mL, 16.5 mmol), followed by DMF (3 drops). The mixture was 
heated at 65^C for 5 hours. The solvent and reagent were removed under reduced pressure. 

20 The mixture was coevaporated with toluene (2x) to give a brown solid. To the solution of the 
above solid in CH2a2 (1 1 niL) at O^C was added ethyl (s)-lactate (1.25, 11 mmol), followed 
by pyridine (1.33 mL, 16.6 mmo^. The mixture was warmed to 25^C and stirred for 12 
hours. The reaction mdxture was concentrated under reduced pressure, and was diluted with 
EtOAc. The organic phase was washed with 1 N HCl, water, and brine, and was dried over 

25 MgS04. Purification by flash column chromatography (hexanes/EtOAc = 1.5/1 to 1/1) gave 
con^und 42 (470 mg). 

Example 43 

Compound 43: To a solution of conq)ound 42 (470 mg) in EtOH (10 mL) was added 10% 
30 palladium on carbon (90 mg), followed by acetic acid (ISO (iL). The mixture was 

hydrogenated for 6 hours. The mixture was stirred with celite for 5 mins, and was filtered 
through a pad of celite. Concentration und^ reduced pressure gave conq>ound 43 (400 mg). 
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Rxam ple 44 

Coiiq)ound 44: To a solution of con^und 6 (551 mg» 0.93 mmol) in l»2-dichIoroethane (4 
mL) was added compound 43 (400 mg, 1.0 nunol), followed by MgS04 (1 g). The mixture 
was stirred for 3 hours, and acetic acid (148 jiL) and sodium cyanoborohydride (117 mg, 1.86 
5 mmol) were added sequentially. The mixture was stirred for 1 hour. The mixture was diluted 
with EtOAc, and was washed with saturated sodium bicarbonate solution, water (3x) and 
brine, and was dried over MgS04. Purification by flash column chromatography (EtOAc to 
EtOAc/EtOH = 9/1) gave compound 44. Compound 44 was dissolved in CH2CI2 (25 mL), 
and tiifluoroacetic acid (100 fiL) was added. The mixture was concentrated to give 
10 compound 44 as a TFA salt (560 mg): NMR (CDQa) 8 7.74 (2 H, m), 7.39 (2 H, m), 7.20 
(2 H, m), 7.03 (5 H, m), 5.68 (1 H, m), 5.43 (1 H, m), 5.01 (1 H, m), 4.79 (1 H, m), 4.35^.20 
(4 H, m), 4.18-3.4 (11 H, m), 3.2-2.6 (9 H, m), 2.30 (6 H, m), 1.82 (1 H, m), 1.70 (2 H, m), 
1.40-1.18 (6 H, m), 0.91 (6 H, m). 
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AcOH-HaN 
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47 




I. b.SOCl2Aoluene/60 C; c.propyi (s)-lactate/pyridine; 

II. H2/10%Pd-C/EtOAc/HOAc; 

III. a. compound 6/MgS04; b. HOAc/NaCNBHa 



Example 45 

Confound 45: To a suspension of conopound 41 (863 nog, 2.4 mmol) in toluene (13 mL) was 
added thionyl chloride (l.OmL, 14.3 nomol), followed by DMF (3 drops). The mixture was 
heated at 65*'C for 5 hours. The solvent and reagent were removed under reduced pressure. 
The mixture was coevaporated with toluene (2x) to give a brown solid. To the solution of the 
above sohd in CH2a2 (10 mL) at 0°C was added propyl (s)-lactate (1.2mL, 9.6 mmol), 
followed by triethylamine (2.0 ttiT.^ 14.4 mmoQ. The mixture was wanned to 25**C and 
stirred for 12 hours. The reaction mixture was concentrated under reduced pressure, and was 
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diluted with EtOAc. The organic phase was washed with water and brine, and was dried over 
MgS04. Purification by flash colunui chromatography (hexanes/EtOAc = 1.5/1 to 1/1) gave 
compound 45 (800 mg). 

Example 46 

Conq)ound 46: To a sohition of con^und 45 (785 mg) in EtOH (17 mL) was added 10% 
palladium on carbon (150 mg), followed by acetic acid (250 (iL). The mixture was 
hydrogenated for 16 hours. The mixture was stirred with celite for 5 noins, and was filtered 
through a pad of celite. Concentration under reduced pressure gave corcpound 46 (700 mg). 

Example 47 

Co3DDpound 47: To a solution of compound 6 (550 nig, 0.93 mmol) in 1,2-dichbroethane (4 
mL) was added compound 43 (404 mg, 1.0 mmol), followed by MgS04 (1 g). The mixture 
was stirred for 3 hours, and acetic acid (148 \iL) and sodium cyanoborohydride (1 17 mg, L86 
nmiol) were added sequentially. The mixture was stirred for 1 hour. The mixture was diluted 
with EtOAc, and was washed with saturated sodium bicarbonate solution, water (3x) and 
brine, and was dried over MgS04. Purification by flash colimm chromatography (EtOAc to 
EtOAc/EtOH = 9/1) gave conqwund 47. Con5)ound 47 was dissolved in 01202 (25 mL), 
and trifluoroacetic acid (100 pJL) was added. The mixture was concentrated to give 
con?)ound 47 as a TFA salt (650 mg): *H NMR (CDCI3) 5 7.74 (2 H, m), 7.41 (2 H, m), 
7.25-7.1 (2 H, m), 7.02 (5 H, m), 5.65 (1 H, m), 5.50 (1 H, m), 5.0-4.75 (2 H, m), 4.25-4.05 
(4 H, m), 4.0-3.4 (11 H, m), 3.2-2.6 (9 H, m), 2.31 (6 H, m), 1.82-1.51 (3 H, m), 1.45-1.2 (5 
H, m), 0.93 (9 H, m). 
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Scheme 10 




O 

Example 48 

it . f — II 

Confound 48 was made by the xnethods of the previous Exainples. 
Example 49 

CoiiQ)ound 49: To a solution of compound 48 (100 mg, 0.13 mmol) in pyridine (0.75 mL) 
was added L^alanine methyl ester hydrochloride (73 mg, 0.52 mmol), followed by DCC (161 
rag, 0.78 mmol). The mixture was heated at 60^C for 1 hour. The mixture was diluted with 
EtOAc, and was washed with 0.2 N HQ, water, 5% sodium bicarbonate, and brine, and was 
dried over MgS04. Purification by flash columai chromatography (CH2C!l2/iPrOH = 100/5) 
gave conq)ound 49 (46 mg): NMR (CDCI3) 8 7.73 (2 H, m), 7.38-7.18 (7 H, m), 7.03 (2 
H, m), 6.89 (2 H, m), 5.68 (1 H, m), 5.05 (1 H, m), 4.95 (1 H, m), 4.30 (3 H, m), 4.0-3.6 (12 
H, m), 3.2-2.8 (7 H, m), 1.84-1.60 (3 H, m), 1.38 (3 H, m), 0.93 (6 H, m). 

Example 50 

Cono5)ound 50: To a solution of con5)ound 48 (100 mg, 0.13 mmol) in pyridine (0.75 mL) 
was added methyl (s)-lactate (41 mg, 0.39 mmol), followed by DCC (81 mg, 0.39 mmol). 
The mixture was heated at 60°C for 2 hours, and pyridine was removed under reduced 
pressure. The mixture was diluted with EtOAc (5 mL), and was filtered. Purification by 
flash cohunn chromatography (CHaCfc/iPrOH = 100/5) gave conqwjund 50 (83 mg): 'H 
NMR (CDQa) 5 7.74 (2 H, m). 7.38-7.14 (7 H, m), 7.02 (2 H, m), 6.93 (2 H, m), 5.67 (1 H, 
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m), 5.18 (1 H, m), 5.04 (1 H, m), 4.92 (1 H, m), 4.5 (2 H, m), 4.0-3.68 (12 H, m), 3.2-2.75 (7 
H, m), 1.82 (1 H, m), 1.75-lJO (5 H, m), 0.93 (6 H, m). 

Scheme 11 




O 



I. Benzotriazol-1 -yloxytripyrrolidinophosphonium hexafluoFophosphate/ROH/iPr2NEt; 

II. 15% HF/CH3CN; ML Compound 48/DCC/pyridine/60 C; IV. a. H2/10%Pd-C; 
b. NaBHaCN/HCHO/HOAc 

Example 5 1 

Confound 51: To a solution of benzyl (s)-lactate (4.0 g, 20 mmol) in DMF (40 mL) was 

added imidazole (2.7 g, 20 mmol), followed by tert-butyldimethylsilyl chloride (3.3 g, 22 

mmDl). The mixture was stirred for 14 hours, and diluted with EtOAc. The orgaioic phase 

was washed with 1.0 N HQ solution (2x), water (2x), and brine (Ix), and dried over MgS04. 
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Concentration gave the lactate intennediate (6.0 g). To the solution of the above intermediate 
in EtOAc (200 xdL) was added 10% Palladium on carbon (700 mg). The mixture was 
hydrogenated for 2 hours. The mixture was stirred with celite for S minutes, and was filtered 
through a pad of celite. Concentration gave compound 51 (3.8 g). 

5 

Example 52 

Con5)ound 52: To a sohition of coinpound 51 (1.55 g, 7.6 mmol) in CHiCh (20 mL) was 
added 4-benzyloxycarbohylp,iperidineethanol (2.00 g, 7.6 mmol), followed by benzotriazol-1- 
yloxytr^yrrolidinophosphonium hexafluorophosphate (4.74 g, 9.1 nmnol) and 
10 diisopropylethylamine (1.58 mL, 9.1 mmol). The mixture was stirred for 14 hours, and 

dichloromethane was removed. The mixture was diluted with EtOAc, and was washed with 
brine, and dried with MgS04. Purification by flash coluron chromatography (hexanes/EtOAc 

» ■ 

= 10/1) gave compomd 52 (1.50 g). 
15 RTflm plft 

Conqwund 53: To a solution of compound 52 (1.50 g) in CH3CN was added 58% HF/ 
CH3CN (5 mL). The mixture was stirred for 30 minutes, and acetonitrile was removed under 
reduced pressure. The mixture was diluted with EtOAc, and was washed with water and 
brine, and was dried over MgS04. Purification by flash column chromatography 
20 (hexanes/BtOAc = 1/1) gave compound 53 (1.00 g). 

RyflTTi plft 54 

Coiiq>ound 54: To a solution of compound 48 (769 mg, 1.0 mmol) in pyridine (6.0 ixiL) was 
added conq)ound 53 (1.0 g, 3.0 mmol). followed by DCC (618 mg, 3.0 mmol). The mixture 
25 was heated at 60^C for 2 hours, and pyridine was removed under reduced pressure. The 
mixture was diluted with EtOAc (5 mL), and was filtered. Purification by flash column 
chromatography (CH2a2/iPrOH = 100/4) gave con?K)und 54 (630 mg). 

Example 55 

30 Conq>ound 55: To a solution of confound 54 (630 mg, 0.58 nmiol) in EtOAc (30 mL) was 
added 10% Palladium on carbon (63 nig), followed by acetic acid (80 |iL). The mixture was 
hydrogenated for 2 hours. The mixture was stirred with celite for 5 minutes, and was filtered 
through a pad of celite. Concentration gave the intermediate. To the solution of the above 
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intennediate in EtOAc (10 mL) was added 37% formaldehyde (88 JJL, 1.18 mmol), followed 
by acetic acid (101 pL, 1.77 imnol). The mixture was cooled to O^^C, and sodium 
cyanoborohydride (74 mg, 1.18 mnM>I) was added. The mixture was stirred at 25**C for 80 
minutes, and was diluted with EtOAc. The mixture was washed with water and brine, and 
was dried over MgS04. Concentration gave conqwund 55 as a white solid (530 mg): 
NMR (CDCfe) 8 7.74 (2 H, m), 7.40-7.15 (7 H, m). 7.03 (2 H, m), 6.92 (2 H, m), 5.66 (1 H, 
m), 5.20-5.00 (3 H, m), 4.58 ^.41 (2 H, m), 4.16 (2 H, m), 4.0-3.7 (9 H, m), 3.4-2.6 (14 H, 
m), 1.90-1.50 (13 H, m), 0.92 (6 H, m). 

Scheme 12 




I. RaNOH/DCC/pyridine 

Example 56 

Conqpound 56 was made by the methods of the previous Exanq>les. 
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Example 57 

Confound 57: To a solution of compound 56 (100 mg, 0.12 mmol) in pyridine (0.6 mL) was 
added N-hydroxymoipholine (50 mg, 0.48 mmol), followed by DCC (99 mg, 0.48 mmoQ. 
5 The mixture was stirred for 14 hours, and pyridine was removed under reduced pressure. The 
mixture was diluted with EtOAc, and was fUtered. Purification by flash column 
chromatography (CH2a2/iPrOH = 100/5) gave compound 57 (53 mg): NMR (CDCI3) 6 
7.71 (2 H, d, J = 8.6 Hz), 7.15 (2 H, d, J = 7.6 Hz), 6.99 (2 H, d, J = 8.8 Hz), 6.90 (2 H, m), 
5.67 (1 H, m), 5.18 (1 H, m), 5.05 (1 H, m), 4.95 (1 H, m), 4.58-4,38 (2 H, m), 4.21 (2 H, m), 
10 4.02-3.80 (13 H, m), 3.55-3.38 (2 H, m), 3.2-2.78 (9 H, m), 1.9-1.8 (1 H, m), 1.8-0.95 (5 H, 
m). 1.29 (3 H, m), 0.93 (6 H, m). 

Example 58 

CoK^und 58: To a solution of corcpound 56 (100 mg, 0.12 mmol) in pyridine (0.6 mL) was 
15 added N,N-dimethyIhydroxyIamine hydrochloride (47 mg, 0.48 mmol), foUowed by DCC (99 
mg, 0.48 mnK>]). The mixture was stirred for 6 hours, and pyridine was renx>ved under 
reduced pressure. The mixture was diluted with EtOAc, and was filtered. Purification by 
flash column cbromatogr^by (CHaCViPrOH = 100/5) gave conq>ouDd 58 (35 mg). NMR 
(CDQa) 8 7.71 (2 H, d, J = 8.9 Hz), 7.15 (2 H, d, J = 8.2 Hz), 6.99 (2 H, d, J =8.4 Hz), 6.89 
20 (2 H, m), 5.65 (1 H, d, J = 5.2 Hz), 5.15 (1 H, m), 4.98 (2 H, m), 4.42 (2 H, m), 4.18 (2 H, m), 
4.0-3.6 (9 H, m), 3.2-2.7 (13 H, m), 1.92-1.45 (6 H, m), 1.25 (3 H, m), 0.90 (6 H, m). 
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R = Me, Et, Pr, i-Pr; Ri = H, Me, Et, i-Pn Ar= phenyl, 2, 6-dimethylphenyl 

1. a. CbzCI/NaOH; b..SOCl2/toluene/60 C; c. ArOH/pyridine; 11. a.NaOH/THF/H20; b. HCI; 
III. a.SOCl2/toluene/60 C; b.alkyll lactate/pyridine; IV. H2/10%Pd-C/EtOAc/HOAc; 
V. a. compound 6/MgS04; b. HOAc/ISlaCNBHa 



Aminometbylphosphonic acid 59 is protected as benzyl carbamate. The phosphonic 
acid is treated with thionyl chloride to generate dichloridate, which reacts with phenol or 2,6- 
dimethylphenol to give conapound 60. Compound 60 is hydrolyzed with sodium hydroxide, 
followed by acidification to afford monoacid 61. Monoadd 61 is treated with thionyl 
chloride to generate monochloridate, which reacts with diff^ent alkyl (s)*-lactates to form 
compound 62. Conqx>und 62 is hydrogenated with 10%Pd-C in the presence of acetic acid to 
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give con^und 63. Compound 63 reacts with aldehyde 6 m the presence of MgS04 to form 

imine, which is reduced with sodium cyanoborohydride to generate compound 64. 
Scheme 14 




La. n-BuU; b. compound 15; II. H2/10%Pcl-C/HOAc; IV. PPha/DEAD 
Conqpound 65 is prepared from 2-hydroxy-5-bromopyridiDe by alkylation. J. Med. 
5 Chem. 1992, 35, 3525. Con5)ound 65 is treated with n-Butyl lithium to generate aryl lithium, 
which reacts with aldehyde 15 to form compound 66. J. Med. C3iem. 1994, 37, 3492. 
ConqK>und 66 is hydrogenated with 10%Pd-C in the presence of acetic acid to give 
con]^und 67. J. Med. CJienL 2000, 43, 721. Con^und 68 is prepared from con5)ound 67 
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with correspondiDg alcohol under Mitsonobu reaction conditions. Bioorg. Med-Chem. Lett. 
1999, 9, 2747. 

Schmie 1 



O 

BocHN 



I DCC.DMAP i 1) 8 eg. IDA. 4 eg. CICHoCO OH 

MeOH V.^^ 2)AcOH 





QH OH 
BocHN^ ^Cl BocHN^ JCI 




9" »vO OH . 

^^^^^^^^^^^^^^^^^^^^^^ • 



CIO2S-O-OCH3 BocHN^J!l^r!i /=^ 



H QH 

1)TFA/CH2Cl2 ^ X) N A Ki /=\ 

O^/ * 9 

GS7921 

NEt3 



-1434- 



wo 03/090690 



PCT/US03/12901 



Example 1 

Methyl 2-(i5)~(dimeaiylethoxycarbonylanimo)-3-(4-pjridy^ (2): A solution of N- 

tert-Butoxycarbonyl-4-pyridylalaiune (1, 9.854 g, 37 mmol, Peptech), 4- 
dimethylaminopyridine (4.52 g, 37 mmol, Aldrich), and dicyclohexylcarbodiimide (15.30 g» 
5 74.2 nmK>l, Aldrich) in methanol (300 mL) was stirred at O^C for 2 h and at room 
ten:perature for 12 h. After the solids were removed by ffltration, the filtrate was 
concentrated under reduced pressure. More dkyclohexylurea was removed by repeated 
trituration of the concentrated residue in EtOAc followed by filtratioiL The residue was 
chromatographed on silica gel to afford the methyl ester 2 (9.088 g, 88%): NMR (CDCk) 
10 8 8.53 (d, 2H, J = 5.7 Hz), 7.09 (d, 2H, 7 = 5.7 Hz), 5.04 (hr, IH), 4.64 (be, IH), 3.74 (s, 3H), 
3. 16 (dd, IH, 7 = 13.5 and 5.7 Hz), 3.02 (dd, IH, / = 13.5 and 6.3 Hz), 1.42 (s, 9H); MS 
(ESI) 281 (M+H). 

Example 2 

l-CMoro-3-(iS)-(dimethylethoxycarbonylainino)-4-(4-pyridyl)-2-(iS)-ta (3): A solution 

15 of diisopropylamine (37.3 mL, 266 mmol, Aldrich) in THF (135 mL) was stirred at -78°C as 
a solution of n-butyllithium (102 mL of 2.3 M solution and 18 mL of 1.4 M solution 260 
mmol, Aldrich) in hexane was added. Aft^ 10 min, the cold bath was removed and stirred 
the solution for 10 min at the ambient temperature. The solution was cooled at '-78°C again 
and stirred as a solution of chloroacetic acid (12.255 g, 130 mmol, Aldrich) in THF (50 mL) 

20 was added over 20 min. After the solution was stirred for 15 min, this dianion solution was 
transferred to a stirred solution of the methyl ester 2 (9.087 g, 32.4 mmol) in THF (100 mL) 
at O^C over 15 min. The resulting yeUow slmry was stirred at 0°C for 10 min and cooled at - 
. 78°C. A sohition of acetic acid (29 mL, 507 mmol, Aldrich) in THF (29 mL) was added 
quickly to the slurry and the resulting slurry was stirred at --78''C for 30 imn, at O^C for 30 

25 Tnin^ and at room ten^^ture for 15 nain. The resulting slurry was dissolved in saturated 
NaHCOa solution (750 mL) and EtOAc (500 mL). The separated aqueous layea: was 
extracted with EtOAc (300 mL x 2) and the combined organic fractions were washed with 
water (750 mL x 2) and saturated NaQ solution (250 mL). The resulting solution was dried 
(MgS04) and evaporated under reduced pressure. 

30 A sohition of the residue in THF (170 mL) and water (19 mL) was stirred at ff^C as NaBH4 
(3.375 g, 89.2 mnK)l, Aldrich) was added After 30 min, the sohition was evaporated und^ 
reduced pressure and the residue was dissolved in EtOAc, acidified with aqueous NaHS04, 
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and then neutralized by adding satxirated aqueous NaHCOs solution. The separated aqueous 
fraction was extracted with EtOAc (100 mL) and the combined organic fractions were 
washed with water (500 mL) and saturated NaQ solution (100 mL). The solution was dried 
(MgS04) and evaporated under reduced pressure. The residue was chromatographed on 
5 silica gel to afford the chlorohydrin 3 and 4 (4.587 g, 47%) as a mixture of two diastereomers 
(3-4:1). The obtaiaed mixture was recrystallized fromEtOAc-bexane twice to obtain pure 
desired diastereomer 3 (2.444 g, 25%) as yellow crystals: NMR (CXO3) 5 8.53 (d, 2H, J 
= Sn HzX 7.18 (d, 2H, J = 5.7 Hz), 4.58 (br, IH), 3.94 (m, IH), 3.87 (br, IH), 3.75-3.54 (m, 
2H), 3.05 (dd, IH, J = 13.8 and 3.9 Hz), 2.90 (dd, IH, / = 13.8 and 8.4 Hz), 136 (s, 9H); MS 
10 (ESI) 301 (M+H). 

Example 3 

The epoxide 5: A solution of the chlorohydrin 3 (1.171 g, 3.89 mmol) in ethanol (39 mL) 
was stirred at room temperature as 0.71 M KOH in ethanol (6.6 mL) was added. After 1.5 h, 
the mixture was concentrated under reduced pressure and the residue was dissolved in EtOAc 

15 (60 mL) and water (60 mL). separated aqueous fraction was extracted with EtOAc (60 
mL) and the combined organic fractions were washed with saturated Nad solution, dried 
(MgS04)> and concentrated under reduced pressure to obtain the epoxide (1.058 g, 
quantitative): ^H NMR (CDQa) 5 8.52 (d, 2H, 7 = 6.0 Hz), 7.16 (d, 2H, J = 6.0 Hz), 4.57 (d, 
IH, J = 7.8 Hz), 3.76 (hr, IH), 3.02-2.92 (m, 2H), 2.85-2.79 (m, 2H), 2.78-2.73 (m, IH), 1.37 

20 (s, 9H); MS (ESI) 265 (M+H). 

Example 4 

The hydroxy-amine 6: A solution of the epoxide 5 obtained above and j-BuNHa (3.9 mL, 
39.2 msDoX Aldrich) in 58 mL of i-PrOH was stiorred at 65''C for 2 h and the sohition was 
concentrated und^ reduced pressure. The residual i-PrOH was removed by dissolving the 
25 residue in tohiene and concentration of the solution twice: ^H NMR (dXHs) 8 8.51 (d, 2H, J 
= 6.0 Hz), 7.18 (d, 2H, 7 = 6.0 Hz), 4.70 (d, IH, / = 9.6 Hz), 3.86 (te, IH), 3.46 (q, IH, / = 
5.8 Hz), 3.06 (dd, IH, /= 14.1 and 3.9 Hz), 2.79 (dd, IH, /= 14.1 and 9.0 Hz), 2.76-2.63 (m. 
3H), 2.43 (m, 2H, / = 6.9 Hz), 1.73 (m, IH, J = 6.6 Hz), 1.36 (s, 9HD, 0.93 (d, 3H, / = 6.6 
Hz), 0.92 (d, 3H. 7 = 6.6 Hz); MS (ESI) 338 (M+H). 
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Example 5 

The sulfoamide 7: A solution of the crude 6 and /?-methoxybenzene sulfonyl chloride (890 
mg, 4.31 mmol, AJdrich) in CH2a2 (24 mL) was stirred at O'^C for 2 h and at room 
temperature for 13 h. The solution was washed with saturated NaHCOs solution and the 
aqueous washing was extracted with CH2CI2 (60 mL). After the combined organic fractions 
v/er^ dried (MgS04) and concentrated under reduced pressure, the residue was purified by 
chromatography on silica gel to obtain the sulfoamide 7 (1.484 g, 75%): NMR (0X33) 5 
8.51 (d, 2H, /= 5.7 Hz), 7.73 (d, 2H, 7= 8.7 Hz), 7.21 (d, 2H, /= 5.7 Hz), 7.00 (d, 2H, / = 
8.7 Hz), 4.68 (d, IH, /= 8.1 Hz), 4.08 (hr, IH), 3.88 (s, 3H), 3.83 (br, 2H), 3.09 (d, 2H, /= 
5.1 Hz), 3.06-2.80 (m, 4H), 1.85 (m, IH, / = 7.0 Hz), 1.34 (s, 9H), 0.92 (d, 3H, /= 6.3 Hz), 
0.89 (d, 3H, /= 6.6 Hz); MS (ESI) 508 (M+H). 

Example 6 

The bisfiirancarbamate 9: A solution of the sulfoamide 7 (1.484 g, 2.92 mmol) and 
trifluoroacetic acid (6.8 mL, 88.3 mnnol, Aldrich) in CH2CI2 (18 mL) was stirred at room 
tenq>erature for 2 h. After the solution was evai)orated under reduced pressure, the residue 
was dissolved in acetonitrile (10 mL) and toluei]^ (10 xnL), and evaporated to dryness twice 
to result crude amine as TFA salt. A solution of the cmde amine, dimethylaminopyridine (72 
mg, 0.59 mnK)l, Aldrich), diisopropylethylamine (2.55 mL, 14.6 mmol, Aldrich) in 
acetonitrile was stirred at O^^C as the bisfurancarbonate 8 (907 mg, 3.07 mmol, obtained from 
Azar) was added in portion. The sohition was stirred at O^'C for 1 h and at room ten5)erature 
for 19 h, and concentrated under reduced pressure. The residue was dissolved in EtOAc (60 
mL) and washed with saturated NaHCOa solution (60 mL). After the aqueous washmg was 
extracted with EtOAc (60 mL), the combined organic fractions were washed with saturated 
NaHCOa (60 mL) and saturated NaQ solution (60 mL), dried (MgS04), and concentrated 
under reduced pressure. The residue was purified by chromatography on silica gel to obtain 
the carbamate 9 (1.452 g, 88%): ^H NMR (CDCI3) 5 8.50 (d, 2H, 5.7 Hz), 7.72 (d, 2H, J 
= 8.7 Hz), 7.19 (d, 2H, /= 5.7 Hz), 7.01 (d, 2H, 7= 8.7 Hz), 5.65 (d, IH, 7= 5.1 Hz), 5.12 (d, 
IH, 7 = 9.3 Hz), 5.02 (q, IH, 7 = 6.7 Hz), 4.01-3.77 (m, 4H), 3.88 (s, 3H), 3.76-3.63 (m, 2H), 
3.18-2.76 (m, 7H), 1.95-1.77 (m, IH), 1.77-1.56 (m, 2H), 1.56-1.41 (m, IH). 0.94 (d, 3H, 7 = 
6.6 Hz), 0.90 (d, 3H, 7= 6.9 Hz); MS (ESI) 564 (M+H). 

Scheme 2 
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1) TfOCH2PO(OEt)2(10) O^'^'' T Y^^^^'~\/~°^'^3 



2) NaBH4. AcOH, EtOH 6^ J I I O 



11 f-OEt 

OEt 

GS1 92710 

Example? 

The tetrahydropyridine-diethyl phosphonate 11: A solution of the pyridine 9 (10.4 mg, 0.018 
mmol) and the triflate 10 (8.1 mg, 0.027 mmol, in acetone-de (0.75 mL) was stored at room 
tenperatnre for 9 h and the solution was concentrated under reduced pressure: ^'P NMR 
(acetone-ds) 5 14.7; MS (ESI) 714 Q/t). The concentrated crude pyridinium salt was 
dissolved in ethanol (2 mL) and stirred at room tenqierature as NaBH* (-10 mg, Aldrich) was 
added occasionally, ova: 4 h. To the mixture was added a solution of acetic acid (0.6 mL, 
Aldrich) in ethanol (3 mL) until the pH of the mixture became 3-4. More NaBH4 and acetic 
acid were added until the reaction was coiiq>leted. The mixture was carefully concentrated 
under reduced pressure and the residue was dissolved in saturated NaHC03 sohition (10 mL). 
The product was extracted using EtOAc (10 mL x 3) and washed with saturated NaQ 
sohition, dried (MgS04), and concentrated under reduced pressure. The residue was purified 
by chromatography on silica gel to obtain the product 11 (8.5 mg, 64%): 'h NMR (CDCfe) 5 
7.73 (d, 2H, y = 8.7 Hz), 7.00 (d. 2H, 7 = 8.7 Hz). 5.71 (d, IH, 7 = 5.1 Hz), 5.41 (br, IH), 
5.15-5.08 (m, IH). 5.00 (br, IH). 4.14 (dq, 4H, 7 = 7.2 Hz). 4.06-3.94 (m, 2H), 3.88 (s, 3H), 
3.92-3.80 (m, 2H), 3.75 (dd, IH, 7 = 9.6 and 6.6 Hz). 3.79-3.61 (m, IH). 3.24-2.94 (m, 6H), 
2.85 (d, 2H. 7 = 11.7 Hz). 2.88-2.76 (n^ 2H). 2.75-Z63 (m, IH). 2.38-2.29 (m. IH), 2.24- 
2.2. 12 (m, 2H), 2. 12-1.78 (m. 4H), 1.30 (t, 6H, 7 = 7. 1 Hz), 0.94 (d, 3H. 7 = 6.6 Hz). 0.91 (d, 
3H. 7 = 6.3 Hz); ^'P NMR (CDCfe) 5 24.6; MS (ESI) 740 (M+Na). 
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Scheme 3 
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Examplft R 

5 

The tetrahydropyridine-dibenzyl phosphonate 13: The coiiq>oiuid 13 was obtained by the 
same procedure as described for compound 11 using the pyridine 9 (10.0 mg, 0.018 mmol) 
and the triflate 12 (9.4 mg, 0.022 mmol). The product 13 was purified by preparative TLC to 
afford the dibenzyl phosphonate 13 (8.8 mg, 59%): 'H NMR (CDQs) 8 7.73 (d, 2H, 7 = 8.7 
10 Hz), 7.35 (s, lOH), 7.00 (d, 2H, 7 = 8.7 Hz). 5.65 (d, 1H2H, J = 5.1 Hz), 5.39 (br, IH), 5.15- 
4.92 (m, 6H), 4.03-3.77 (m, 6H), 3.77-3.62 (m, 2H), 3.56 (br, IH), 3.24-2.62 (m, 9H), 2.32 
(d. IH, / = 13.5 Hz), 2.24-1.75 (m, 6H), 0.94 (d, 3H, 7 = 6.6 Hz), 0.89 (d, 3H, 7 = 6.3 Wz); 
NMR (CDCb) 5 25.5; MS (ESI) 842 (M+H). 



15 Example 9 

The phosphonic acid 14: A mixture of the dibenzyl phosphonate 13 (8.8 mg, 0.01 1 mmol) 
and 10% Pd/C in EtOAc (2 mL) and EtOH (0.5 mL) was stirred under H2 atmosphere for 10 
h at room ten^rature. After the mixture was filtered through cehte, the filtrate was 
20 concentrated to dryness to afford the product 14 (6.7 mg, quantitative): 'H NMR (CD3OD) 8 
7.76 (d, 2H, 7= 9.0 Hz), 7.10 (d, 2H, 7= 9.0 Hz), 5.68 (d, IH, 7 = 5.1 Hz), 5.49 (br, IH), 
5.11 (m, IH). 3.90 (s, 3H), 4.04-3.38 (m, lOH), 3.22 (d, 2H, 7 = 12.9 Hz), 3.18-3.00 (no, 2H), 
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2.89-2.75 (m, 2H), 2.68-2.30 (m, 3H), Z21-1.80 (m, 4H), 0.92 (d, 3H, 7 = 6.3 Hz), 0.85 (d, 
3H. / = 6.3 Hz); ^^P NMR (CD3OD) 5 6.29; MS (ESI) 662 (M+H). 



Scheme 4 
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Examp lft in 



Dq>henyl beiizyloxyn:»thy^hosphoiiate 15: To a solation of diphenylphosphite (46.8 g, 200 
10 mmol, Aldrich) in acetooitrile (400 mL) (at ambieat ten^iatuie) was added potassium 

carbonate (55.2 g, 400 mmol) followed by the slow addition of benzyl chloromethyl ether (42 

-1440- 



1 



wo 03/090690 PCT/US03/12901 

mL, 300 mmol, about 60%, Fhika). The loixture was stirred overnight, and was concentrated 
under reduced pressure* The residue was dissolved in EtOAc, washed with wata:, saturated 
NaCl, dried (Na2S04), filtered and evaporated. The crude product was chroroatographed on 
silica gel to afford the benzylether (6.8 g, 9.6%) as a colorless liquid. 

5 

Example 11 

Monoacid 16: To a solution of d^henyl benzyloxymethylphosphonate 15 (6.8 g, 19.1 mmol) 
in THF (100 mL) at room temperature was added IN NaOH in water (21 mL, 21 mmol). The 

10 solution was stirred 3 h. The THF was evaporated under reduced pressure and water (100 
mL) was added. The aqueous solution was cooled to O^'C, neutralized to pH 7 with 3N HCl 
and washed with EtOAc. The aqueous solution was again cooled to O^'C, acidified with 3N 
HCl to pH 1, saturated with sodium chloride, and extracted with EtOAc. The organic layer 
was washed with hrine and dried (N%S04), filtered and evaporated, then co-evaporated with 

15 tobene to yield the monoacid (4.0 g, 75%) as a colorless liquid. 'H NMR (CDQs) 6 7.28- 
7.09 (m, lOH), 4.61 (s, 2H), 3.81 (d, 2H);. ^^P NMR (CDQa) 5 20.8. 



20 Ethyl lactate phosphonate 18: To a sohition of monoacid 16 (2.18 g,7.86 mmol) in anhydrous 
acetonitrile (50 mL) under a nitrogen atmosph^:^ was slowly added thionyl chloride (5.7 mL, 
78mmo]). The solution was stirred in a 70^C oil bath for three hours, cooled to room 
temperature and concentrated. The residue was dissolved in anhydrous dichloromethane 
(50mL), and this solution cooled to O^C and stirred under a nitrogen atmosphere. To the 
. 25 stirring sohition was added ethyl (S)-(-)-lactate (2.66 mL, 23.5 mmol) and tiiethylamine (4.28 
mL, 31.4 mmol). The solution was warmed to room tenq>erature and allowed to stir for one 
hour. The sohition was diluted with ethyl acetate, washed with water, brine, citric acid and 
brine again, dried (MgS04)» filtered through Cehte, concentrated under reduced pressure and 
chromatogr^hed on silica gel using 30% ethylacetate in hexane. The two diastereomers 
30 were pooled together. ^H NMR (CDQa) 6 7.40-7.16 (m, 20H), 5.18-5.13 (m, 2H), 4.73 (s, 
2H), 4.66 (d, 2H), 4.28^.1 1 (m, 5H), 4.05 (d, 2H), 3.95 (d, 2H), 1.62 (d, 3H), 1.46 (d, 3H), 
1.30-1.18 (m, 6H); ^^P NMR (CDCI3) 6 19.6, 17.7. 
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Example 13 

Ethyl lactate phosphonate with free alcohol 19: Ethyl lactate phosphonate 18 was dissolved 
in EtOH (5QmL) and under a nitrogen atmosphere 10% Pd-C (approxnnately 20 wt %) was 
5 added. The nitrogen atmosphere was rq>laced with hydrogen (latm) and the suspension 
stirred for two hours. 10% Pd-C was again added (20 wt %) and the suspension stirred five 
hours longer. Celite was added, the reaction mixture was filtered through Celxte and the 
filtrate was concentrated to afford 1.61 g (71% frommonbacid 16) of the alcohol as a 
colorless liquid. NMR (CDQs) 5 7.40-7.16 (m, lOH), 5.16-5.03 (m, 2H), 4.36-4.00 (m, 
10 8H), 1.62 (d, 3H), 1.46 (d, 3H), 1.30-1.22 (m, 6H); ^^P NMR (CDCl^) 8 22.3, 20.0. 

Example 14 

Triflate 20: To a solution of ethyl lactate phosphonate with fi-ee alcohol 19 (800 mg, 2.79 
15 mmol) in anhydrous dichloromethane (45 mL) chilled to -40'*C under a nitrogen atmosphere 
was added triflic anhydride (0.516 mL, 3.07 mmol) and 2-6 hitidine (0.390 mL, 3.34 mmol). 
The solution was stirred for 3 hr, then warmed to -20°C and stirred one hour longer. 0.1 
equivalents of triflic anhydride and 2-6 lutidine w^e then added and stirring was resumed for 
90 minutes more. The reaction mixture was diluted with ice-cold dichloromethane, washed 
20 with ice-cold water, washed with ice-cold hrine and the organic layer was dried (MgS04) and 
fittered. The filtrate was concentrated and chromatographed on silica gel using 30% EtOAc 
in hexane as eluent to afford 602 mg (51%) of the triflate diastereomers as a slightly pink, 
transparent Uquid. NMR (CEOs) 5 7.45-7.31 (m, 4H), 7.31-7.19 (m, 6H), 5.15-4.75 (i^ 
6H), 4.32-4.10 (4H), 1.62 (d, 3H), 1.50 (d, 3H), 1.30-1.22 (m, 6H); ^^P NMR (CDCl^) 
25 5 10.3, 8.3. 

Example 15 

The tetrahydropyridine-prodrug 21: A solution of the pyridine 9 (11.1 mg, 0.020 mmol) and 
30 the triflate 20 (1 1 .4 mg, 0.027 nmiol) in acetone-dg (0.67 ndL, Aldrich) was stored at room 
teniperature for 7 h and the solution was concentrated under reduced pressure: ^^P NMR 
(acetone-de) 5 1 1.7, 10.9; MS (EST) 838 (M+H). Tlie concentrated crude pyridinium salt was 
dissolved in ethanol (1 mL) and added 2-3 drops of a solution of acetic acid (0.6 mL, 
Aldrich) in ethanol (3 mL). The solution was stirred at 0°C as NaBEU (7-8 mg, Aldrich) was 
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added. More acietic acid solution was added to adjust pH 3-^4 of the reaction mixture. 
Additions of NaBHU and the acetic acid sohition wore repeated until the reaction was 
conq>leted The mixture was carefully concentrated under reduced pressure and the residue 
was purified by chromatography on CI 8 reverse phase column material followed by 
preparative TLC using C18 reverse phase plate to obtain the prodrug 21 (13.6 mg, 70%) as a 
2:3 mixture of two diastereomers: NMR (CD3CN) 5 7.78 (d, 2H, J = 9.0 Hz), 7.48-7.42 
(m, 2H), (m, 3H), 7.10 (d, 2H, 9.0 Hz), 5.86 (m, IH), 5.60 (m, IH), 5.48 (br, 

IH), 5.14-5.03 (m, 2H), 4.29-4.13 (m, 2H), 3.89 (s, 3H), 3.97-3.32 (m, 12H), 3.29 (br, 0.4H). 
3.24 (hr, 0.6H), 3.02-2.82 (m, 4H), 2.64-2.26 (m, 3H), 2.26-2.08 (m, IH), 1.94-1.76 (m, 3H), 
1.57 (d, L8H, J = 6.9 Hz), 1.46 (d, 1.2H, / = 6.9 Hz), 1.28 (d, 1.2H, /= 6.9 Hz), 1.21 (d, 
1.8H, /= 7.2 Hz), 0.92-0.88 (m, 6H); ^^P NMR (CD3CN) 5 14.4 (0.4P), 13.7 (0.6P); MS 
(ESI) 838 (M+H). 

Example 16 

Metabolite 22: To a sohition of the prodrug 21 (10.3 mg, 0.01 1 mmo^ in DMSO (0.1 mL) 
and acetonitrile (0.2 mL) was added 0.1 M PBS buffer (3 mL) mixed thoroughly to result a 
suspension. To the suspension was added porcine liver esterase suspension (0.05 mL, 
ECS. 1.1.1, Sigma). Aft^ the suspension was stored in 37''C for 1.5 h, the mixture was 
centrifuged and the supernatant was taken. The product was purified by HPLC and the 
collected fraction was lyophilized to result the product 22 as trifluoroacetic acid salt (7.9 ing, 
86%): ^H NMR (D2O) 5 7.70 (d, IH), 7.05 (d, 2H), 5.66 (d, IH), 5.40 (br, IH), 5.02 (hr, 
IH), 4.70 (br, IH), 3.99-3.89 (m, 2H), 3.81 (s, 3H), 3.83-3.50 (m, 8H), 3.34-2.80 (m, 7H), 
2.50-2.18 (m, 3H), 2.03 (m, IH), 1.92-1.70 (m, 3H), 1.39 (d, 3H), 0.94 (d, 3H), 0,93 (d, 3H); 
^ V NMR (D2O) S 9,0, 8.8; MS (ESI) 734 (M+H). 
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Scheme 5 
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Exanyle 17 

Triflate 24: Triflate 24 was prepared analogously to triflate 20, except that 
dimethylhydroxyethylphosphonate 23 (Aldrich) was substituted for ethyl lactate phosphonate 
with free alcohol 19. 



10 Example 18 

Tetrahydropyridine 25: Tetrahydropyridine 25 was prepared analogously to 
tetrahydropyridine 30, except that triflate 24 was substituted for triflate 29. 
*H NMR iCDCls) S 7.71 (d, 2H). 7.01 (d, 2H), 5.71 (d, 2H), 5.43 (bs, IH), 5.07-4.87 (m, IH), 
4.16-3.46 (m, 13H), 3.34-3.18 (m, 3H). 3.16-2.80 (m, 5H), 2.52-1.80 (m, 12H), 1.28-1.04 (m, 
15 3H+H2O peak), 0.98-0.68 (m, 6H). 
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Scheme 6 
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30: R = Bn (GS1 73848) 
31:R = H(GS173850) 



5 Kxam plp. 19 

Dibenzyl phosphonate with double bond 27: To a stirring solation of allyl bromide (4.15 g, 
34 mmol, Aldiich) and dibenzylphosphite (6 g, 23 mmol, Aldrich) in acetonitrile (25 mL) 
was added potassium carbonate (6.3 g, 46 mmol, powder 325 mesh Aldrich) to (xeate a 
suspeiision, which was heated to 65*'C and stirred for 72 hours. The suspeiision was cooled 
10 to room temperature, diluted with ethyl acetate, filtered, and the filtrate was washed with 
water, then brine, dried CMgS04), concentrated and used directly in the next step. 

Example 20 

Dibenzylhydroxyethylphosphonate 28: Dibenzyl phosphonate with double bond 27 was 

IS dissolved in methaiK>l (SOmL), chilled to -78''C, stirred, and subjected to ozone by bubbling 

ozone into the solution for three hours until the solution turned pale blue. The ozone flow 

was stopped and oxygen bubbling was done for IS minutes until the solution became 

colorless. Sodium borohydride (5 g, excess) was added slowly portionwise. After the 

evolution of gas subsided the solution was allowed to warm to room temperature, 

20 concentrated, diluted with ethyl acetate, made acidic with acetic acid and water and 
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partitioned. The ethyl acetate layer was washed with water, then brine and dried CMgS04), 
filtered, concentrated and chromatograpl^ on silica gel eluting with a gradient of eluent 
from 50% ethyl acetate in hexane to 100% ethyl acetate, affording 2.76 g of the desired 
product NMR (CDQs) 6 736 (m, lOH), 5.16-4.95 (m, 4H), 3.94-3.80 (dt, 2H), 2.13^2.01 
(dt, 2H); ^^P NMR (CDCfe) 5 31.6. 

Dibenzyl phosphonate 30: A solution of the alcohol 28 (53.3 n^, 0.174 minol) and 2,6- 
lutidine (0.025 mL, 0.215 nimol, Aldrich) in CHaCb (1 mL) was stirred at -45**C as 
trifluoromethanesulfonic anhydride (0.029 mL, 0.172 nunol, Aldrich) was added. The 
solution was stirred for 1 h at -45°C and evaporated under reduced pressure to obtain the 
crude triflate 29. 

A sohition of the crude triflate 29, 2,6-hitidine (0.025 mL, 0.215 mmol, Aldrich), and the 
pyridine 9 in acetone-de (1-5 mL, Aldrich) was stored at room tenoperature for 2 h. The 
solution was concentrated under reduced pressure to obtain crude pyridinium product:^*? 
NMR (acetone-d6) 6 25.8; MS CESI) 852 (M^. 

To a solution of the crude pyridinium salt in ethanol (2 mL) was added 7-8 drops of a 
solution of acetic acid (0.4 mL, Aldrich) in ethanol (2 mL). The solution was stirred at 0°C 
as NaBH4 (7-8 mg) was added. The solution was maintained to be pH 3-4 by adding the 
acetic acid solution. More NaBHj and the acetic acid were added until the reduction was 
convicted. After 4 h, the mixture was concentrated and the remaining residue was dissolved 
in saturated NaHCOa (10 mL). The product was extracted with EtOAc (10 mL x 3), dried 
(MgS04), and concentrated under reduced pressure. Tte residue was purified by repeated 
chromatography on silica gel followed by HPLC purification. Lyophilization of the collected 
fraction resulted the product 30 (13.5 mg, 26%) as trifluoroacetic acid salt: NMR (CDCfe) 
5 7.72 (d, 2H, / = 8.7 Hz), 7.36 (hr, lOH), 7.00 (d, 2H, / = 8.7 Hz), 5.69 (d, IH. 7 = 5.1 Hz), 
5.41 (br, IH), 5.13-4.93 (m, 6H), 4.05-2.5 (m. 19H), 3.88 (s, 3H), 2J-1.9 (m, 5H), 1.90-1.74 
(m, 2H), 088 (d, 6H. 7 = 6.1 Hz); ^^P NMR (CDQa) 5 25.8; MS (ESI) 856 (M+H). 

Example 22 

Phosphonic acid 31: A mixture of the dibenzyl phosphonate 30 (9.0 mg, 0.009 mmol) and 

10% Pd/C (5.2 mg, Aldrich) in EtOAc (2 mL) and ethanol (0.5 mL) was stirred under H2 

atnK)sphere for 3 h at room tranperature. After the mixture was filtered through celite, a drop 
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of tiifhioroacetic acid (Aldrich) was added to the filtrate and the filtrate was concentrated to 
dryness to afford the product 31 (6.3 mg, 86%): 'H NMR (CD3OD) 6 7.76 (d, 2Hi 7 = 9.0 
Hz), 7.11 (d, 2H, 7= 9.0 Hz), 5.69 (d. IH. 7 = 5.1 Hz), 5.54 (hr. IH). 5.09 (hr, IH). 4.05-3.84 
(m, 4H), 3.89 (s. 3H), 3.84-3.38 (m, 9H), 3.07 (dd, 2H, 7 = 13.5 and 8.4 Hz), 2.9-2.31 (m. 
5 5H), 2.31-1.83 (m. 6H), 0.92 (d, 3H, 7 = 6.3 Hz), 0.85 (d, 3H, 7 = 6.9 Hz); '^P NMR 
(CD3OD) 5 21.6; MS (ESI) 676 (M+H). 
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Scheme 7 
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Example 23 

Beuzylether 32: A solution of dimethyl hydroxyethylphosphonate (5.0 g, 32.5 mmol. Across) 
and benzyl 2,2,2-trichloroacetimidate (97.24 mL, 39.0 mmol, Aldrich) in CH2CI2 (100 mL) at 
0°C under a nitrogen atmosphere was treated withtrifluoromethanesulfonic acid (0.40 mL). . 
Stirring was performed for three hours at 0°C and the reaction was then allowed to warm to 
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room tejDDperature while stirring continued. The reaction continued for 15 hours, and the 
reaction mixture was then dihited with dichloromethane, washed with saturated sodium 
bicarbonate, washed with brine, dried (MgS04), concentrated under reduced pressure and 
chromatographed on silica gel ehiting with a gradient of eluent from 60% EtOAc in hexane to 
100% EtOAc to afford 4.5 g, (57%) of the benzyl ether as a colorless liquid. ^^P NMR 
(0X33)531.5. 

Example 24 

Diacid 33: A solution of benzy lether 32 (4.5 g, 18.4 mmol) was dissolved in anhydrous 
acetonitrile (lOOmL), chilled to 0°C under a nitrogen atmosphere and treated with TMS 
bromide (9.73 mL, 74mmol). The reaction nndxture was warmed to room temperature and 
after 15 hours of stirring was concentrated repeatedly with MeOH/water to afford the diacid, 
which was used directly in the next step. ^^P NMR (CDCI3) 6 31.9. 

Example 25 

Diphenylphosphonate 34 : Diacid 33 (6.0 g, 27 mmol) was dissolved in toluene and 
concentrated under reduced pressure three times, dissolved in anhydrous acetonitrile, stirred 
under a nitrogen atmosphere, and treated with thionyl chloride (20 mL, 270 mmol) by slow 
addition. The solution was heated to 70°C for two hours, then cooled to room temperature, 
concentrated and dissolved in anhydrous dichloromethane, chilled to -78*'C and treated with 
phenol (15 g, 162 mmol) and triethylamine (37 mL, 270 mmol). The reaction mixture was 
wam^ to room temperature and stirred for 15 hours, and was then dihited with ice cold 
dichloromethane, washed with ice cold 1 N. NaOH, washed with ice cold water, dried 
(MgS04), and concentrated under reduced pressure. The resulting residue was used directly 
in the next step. NMR (CDCk) 5 7.40-7.16 (d, 15H), 4.55 (s, 2H), 3.98-3.84 (mi, 2H), 
2.55-2.41 (m, 2H); ^^P NMR (CDCI3) 5 22.1. 

Exany le 26 

Mono acid 35: Monoacid 35 was prepared using conditions analogous to those used to 
prepare monoacid 16, except that diphenylphosphonate 34 was substituted for benzylether 15. 

NMR (CDCb) 6 7.38-7.16 (d, lOH), 4.55 (s, 2H), 3.82-3.60 (m, 3H), 2.33-2.21 (m, 2H); 

NMR (CDCfe) 8 29.0. 
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Example 27 

Ethyl lactate phosphonate 36: Ethyl lactate phosphonate 36 was prepared analogously to 
ethyl lactate phosphonate 18 except monoacid 35 was substituted for monoacid 16. ^^P NMR 
5 QCDCls) 8 27.0, 25.6. 

Example 28 

Ethyl lactate phosphonate with free alcohol 37: Ethyl lactate phosphonate with free alcohol 
37 was prepared analogously to ethyl lactate phosphonate with free alcohol 19 except that 
10 ethyl lactate phosphonate 36 was substituted for ethyl lactate phosphonate 18. ^^P NMR 
(CDCI3) 8 28.9. 26.8. 

Example 29 

Triflate 38: A solution of the akohol 37 (663 mg, 2.19 mmol) and 2,6-lutidine (0.385 mU 
15 3.31 mmol, Aldrich) in CHzQa (5 mL) was stirred at -45°C as trifluoromethanesulfonic 
anhydride (0.48 mL, 2.85 namol, Aldrich) was added. The solution was stirred for 1.5 h at 
-45''C, diluted with ice-cold water (50 mL), and extracted with EtOAc (30 mL x 2). The 
combined extracts were washed with ice cold water (50 mL), dried (MgS04), and 
concentrated under reduced pressure to obtain a crude mixture of two diastereomers (910 mg, 
20 96%, 1:3 ratio): NMR (acetone-de) 8 7.48-7.37 (m, 2H), 7.37-7.18 (m, 3H), 5.2-4.95 (m, 
3H), 4.3-4.02 (m, 2H), 3.38-3.0 (m, IH), 3.0-2.7 (m, 2H), 2.1-1.9 (m, IH), 1.52 (d, IH), 1.4 
(d, 2H), 1.4-1.1 )m, 3H); ^^P NMR (acetone-de) 5 21.8 (0.75P), 20.5 (0.25P). 

Example 30 

25 The prodrug 39: A solution of the crude triflate 38 (499 nag, 1.15 mmol) and the pyridine 9 
(494 mg, 0.877 mmol) in acetone (5 mL) was stirred at room temperature for 16.5 h. The 
solution was concentrated under reduced pressure to obtain the crude pyridinium salt. 
To a solution of the crude pyridinium salt in ethanol (10 mL) was added 5 drops of a solution 
of acetic acid (1 mL) in ethanol (5 mL). The solution was stirred at 0**C as NaBKi (-10 mg, 

30 Aldrich) was added. The solution was maintained to be pH 3-4 by adding the acetic acid 
solution. More NaBEU aud the acetic acid were added until the reduction was completed. 
After 5.5 h, the mixture was concentrated under reduced pressure and the remaining residue 
was dissolved in ice-cold saturated NaHCOs (50 mL). The product was extracted with ice- 
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cold EtOAc (30 mL x 2) and the combined extracts were washed with 50% saturated 
NaHCOs (50 mL), dried (MgS04), and concentrated under reduced pressure. The residue 
was purified by a chromatography on silica gel followed by a chromatogn5)hy on C18 
reverse phase column material. Lyophilization of the collected fraction resulted the product 
5 39 mixture (376 mg, 50%, -2.5:1 ratio) as tcifluoroacetic acid salt: 'H NMR (CD3CN+TFA) 
6 7.78 (d. 2H. 7 = 8.7 Hz), 7.52-7.42 (m, 2H); 7.37-7.22 (m 3H), 7.10 (d, 2H, 7= 8.7 Hz), 
5.78 (d, IH. /= 9.0 Hz), 5.64 (m, IH), 5.50 (br. IH), 5.08 (m, 2H), 4.31-4.12 (m, 2H), 4.04- 
3.42 (m, UH), 3.90 (s, 3H), 3.29 (m, 2H), 3.23 -3.16 (m. IH), 3.08-2.78 (m. 6H), 2.76-2.27 
(m, 5H), 2.23-2.1 1 (m, IH). 2.08-1.77 (m, 3H),1 .58 (d, 0.9H, J = 7.2 Hz),1.45 (d, 2. IH. / = 
10 6.6 Hz), 1.32-1.20 (m. 3H). 0.95 - 0.84 (m, 6H); ^'P MMR (CD3CN+TFA) 5 24.1 and 23.8, 
22.2 and 22.1; MS (ESI) 852 (M+H). 



Example 31 

Metabolite 40: To a solution of the prodrug 39 (35.4 mg, 0.037 mmol) in DMSO (0.35 mL) 
1 5 and acetonitrile (0.70 mL) was added 0. 1 M PBS buffer (10.5 mL) mixed thoroughly to result 
a suspension. To the suspension was added porcine liver esterase suspension (0.175 mT., 
EC3.1.1.1, Sigma). After the suspension was stored in 37''C for 6.5 h, the mixture was 
filtered through 0.45 um membrane filter and the filtrate was purified by HPLC The 
collected fraction was lyophilized to result the product 40 as trifluoroacetic acid salt (28.8 
20 mg, 90%): 'H NMR (D2O) 5 7.96 (d, 2H. J = 8.7 Hz). 7.32 (d, 2H, 7 = 8.7 Hz), 5.89 (d, IH. J 
= 5.1 Hz). 5.66 (br, IH), 5.27 (m, IH), 4.97 (m, IH), 4.23-4.12 (m. 2H). 4.08 (s, 3H). 4.06- 
3.10 (m, 14H). 3.03 (dd, IH. 7 = 14.1 and 6.6 Hz), 2.78-1.97 (m, 9H). 1.66 (d. 3H, 7 = 6.9 
Hz),1.03 (d, 3H. 7 = 7.5 Hz),1.01 (d, 3H. 7 = 6.9 Hz); ''P NMR (CD3CN+TFA) 5 20.0, 19.8; 
MS (ESJO 748 (M+H). 
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48A: a minor diastereomer (GS277932) 
48B: a major diastereomer (GS277933) 

Exanq)Ie32 

Compound 42: The dibenzyl phosphonate 41 (947 mg, 1.21 mmol) was treated with DABCO 
(140.9 mg, 1.26iiiinol, Aldrich) in 4.5 mL tohiene to obtain the monoacid (890 mg, 106%). 
The crude monoacid (890 mg) was dried by evaporation with tohiene twice and dissolved in 
DMF (5.3 mL) with ethyl (S)-lactate (0.3 mL, 2.65 mmol, Aldrich) and pyBOP (945 mg, 1.82 
mmol, Aldrich) at room ten5>erature. After diisopropylethylamine (0.85 mL^ 4.88 numl, 
Aldrich) was added, the solution was stirred at room ten5)erature for 4 h and concentrated 
under reduced pressure to a half volume. The resulting solution was diluted with 5% aqueous 
HQ (30 mL) and the product was extracted with EtOAc (30 mL x 3). After the combined 
extracts were dried (MgS04) and concentrated, the residue was chromatographed on silica gel 
to afford the con5)ound 42 (686 mg, 72%) as a nnxture of two diastereomers (2:3 ratio): 
NMR (CDCI3) 8 7.46-7.32 (m, 5H), 7.13 (d, 2H, /= 8.1 Hz), 6.85 (t, 2H, /= 8.1 Hz), 5.65 
(m, IH), 5.35-4.98 (m, 4H), 4.39 (d, 0.8H, / = 10.2 H), 4.30-4.14 (m, 3.2H), 3.98 (dd, IH, /= 
9.3 and 6.0 Hz), 3.92-3.78 (m, 3H), 3.78-3.55 (m, 3H), 3.16-2.68 (m, 6H), 1.85 (m, IH), 
L74-1.55 (m. 2H), 1.56 (d, 1.8H, 7= 7.2 Hz), 1.49 (d, 1.2H), 1.48 (s, 9H), 1.30-1.23 (m, 3H), 
0.88 (d, 3H, 7 = 6.3 Hz), 0.87 (d, 3H, 7 = 6.3 Hz); ^^P NMR (CDQa) 6 20.8 (0.4P), 19.5 
(0.6P); MS (ESI) 793 (M+H). 
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Example 33 

Coiqpoiind 45: A solution of compound 42 (101 mg, 0.127 nunol) and trifluoroacetic acid 
(0.27 mL, 3.5 mmol, Aldrich) in CH2CI2 (0.6 mL) was stirred at 0**C for 3.5 h and 
5 concentrated \mdsr reduced pressure. The resulting residue was dried in vacuum to result the 
CTude amine as TFA salt 

A solution of the crude amine salt and triethylamine (0.072 mL» 0.52 nnnol, Aldrich) in 
CH2CI2 (1 mL) was stirred at O^'C as the sulfonyl chloride 42 (37 mg, 0.14 mmol) was added. 
After the solution was stirred at 0°C for 4 h and 0.5 h at room ten^rature, the reaction 

10 mixture was diluted with saturated NaHCOs (20 inL) and extracted with EtOAc (20 mL x 1; 
15 mL X 2). The combined organic fractions were washed wjth saturated NaCl solution, 
dried (MgS04), and concentrated under reduced pressure. Purification by chromatography on 
silica gel provided the sulfonamide 45 (85 mg, 72%) as a mixture of two diastereomers (-1:2 
ratio): NMR (CDQa) 5 7.45-7.31 (m, 7H), 7.19 (d, IH, /= 8.4 Hz), 7.12 (d, 2H, /= 7.8 

15 Hz), 6.85 (m, 2H), 5.65 (d, IH, /= 5.4 Hz), 5.34-5.16 (m, 2H), 5.13-4.97 (m, 2H), 4.97-4.86 
(m, IH), 4.38 (d, OTH, / = 10.8 Hz), 4.29-4. 12 (m, 3.3H), 3.96 (dd, IH, J = 9.3 and 6.3 Hz), 
3.89 (s, 3H), 3.92-3.76 (m, 3H), 3.76-3.64 (m, 2H), 3.64-3.56 (br, IH), 3.34-3.13 (m, IH), 
3.11-2.70 (m, 6H), 2.34 (s, 3H), 1.86 (m, IH, / = 7.0 Hz), 1.75-1.58 ( m, 2H), 1.56 (d, 2H, / 
= 7.2 Hz), 1.49 (d, IH, J = 7.2 Hz), 1.29-1.22 (m, 3H), 0.94 (d, 3H, / = 6.6 Hz), 0.90 (d, 3H, 

20 7 = 6.9 Hz); ^^P NMR (CDCI3) 5 20.7 (0.3P), 19.5 (0.7P); MS (ESI) 921 (M+H). 

Example 34 

Compound 46: Con^imd 45,(257 mg, 0.279 mmol) was stirred in a saturated solution of 
ammonia in ethanol (5 mL) at 0°C for 15 min and the solution was concentrated under 

25 reduced pressure. Purification of the residue by chromatography on silica gel provided 
coB^und 46 (2.6 mg, 84%): ^H NMR (CDQs) 8 7.48-7.34 (m, 4H), 7.22-7.05 (m, 5H), 
7.01 (d, IH, / = 8.1 Hz), 6.87-6.80 (m, 2H), 5.68 (d, IH, / = 4.8 Hz), 5.32 (dd, 1.3H, / = 8.7 
and 1.8 Hz), 5.22 (d, 0.7H, / = 9.0 Hz), 5.11-5.00 (m, 3H), 4.47-4.14 (m, 4H), 4.00 (dd, IH, / 
= 9.9 and 6.6 Hz), 3.93 (s, 3H), 3.95-3.63 (m, 5H), 3.07-2.90 (m, 4H), 2.85-2.75 (m, IH), 

30 2.75-2.63 (m, 2H), 1.88-1.67 (m, 3H), 1.65-1.55 (m, 2H), 1.57 (d, 2H, / = 6.9 Hz), 1.50 (d, 
IH, 7 = 7.2 Hz), 1.31-1.20 (m, 3H), 095 (d, 3H, /= 6.6 Hz), 088 (d, 3H, 7= 6.3 Hz); ^^P 
NMR iCDCh) 5 20.7 (0.3P), 19.6 (OTP); MS (ESI) 879 (M+H). 
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Example 35 

Compound 47: A mixture of compoimd 46 (176 mg, 0.200 imnol) and 10% Pd/C (9.8 mg, 
Aldrich) in EtOAc (4 mL) and etbanol (1 mL) was stirred under H2 atmosphere for 3 h at 
room teiq>erature. After the mixture was filtered through celite, the filtrate was concentrated 
5 to dryness to afford compound 47 (158 mg, 100%) as white powder: NMR (CDCls) 5 

7.30-7.16 (m,2H), 7.12 (d,2H, 7 = 7.5 Hz), 7.01 (d, lH,/=7.8Hz), 6.84 (d, 2H,7 = 7.5 
Hz), 5.66 (d, IH, /= 4.5 Hz), 5.13-4.97 (m, 2H), 4.38-4.10 (m, 4H), 3.93 (s, 3H), 4.02-3.66 
(m. 6H), 3.13-2.69 (m, 7H), 1.96-1.50 (m, 3H), 1.57 (d, 3H, 7 = 6.6 Hz), 1.26 (t, 3H, J = 7.2 
Hz), 0.93 (d. 3H, 7 = 6.0 Hz), 0.88 (d, 3H, 7 = 6.0 Hz); ^'P NMR (CDCI3) 5 20.1; MS (ESI) 
10 789 (M+H). 

Exanq)le36 

Conqwund 48A and 48B: A solution of pyBOP (191 mg, 0.368 mmol, Aldrich) and 
diisopropylethylamine (0.1 mL, 0.574 mmol, Aldrich) in DMF (35 mL) was stirred at room 

15 tenpo-ature as a solution of conq>ound 47 (29 mg, 0.036 mmol) in DMF (5.5 mL) was added 
over 16 h. After addition, the solution was stirred at room tenoperature for 3 h and 
concentrated under reduced pressure. The residue was dissolved in ice-cold water and 
extracted with EtOAc (20 mL x 1; 10 mL x 2). The combined extracts were dried (MgS04). 
and concentrated under reduced pressure. The residue was purified by chromatography on 

20 silica gel followed by preparative TLC gave two isomers of structure 48 (1.0 mg, 3.6% and 
3.6 mg, 13%). Isomer 48A: 'H NMR (CDQa) 5 7.39 (m, IH), 7.12 (hr, IH), 7.01 (d, 2H, 7 = 
8.1 Hz), 6.98 (br, IH), 6.60 (d, 2H, 7= 8.1 Hz), 5.75 (d, IH, 7 = 5.1 Hz), 5.37-5.28 (m. 2H), 
5.18 (q, IH, 7= 8.7 Hz), 4.71 (dd, IH, 7= 14.1 and 7.5 Hz), 4.29 (m, 3H), 4.15-4.06 (m. IH), 
3.99 (s, 3H), 4.05-3.6 (m, 5H), 3.35 (m, IH), 3.09 (hr, IH), 2.90-2.78 (m, 3H), 2.2-2.0 (m, 

25 3H), 1.71 (d, 3H, 7 = 6.6 Hz), 1.34 (t, 3H, 7 = 6.9 Hz), l.pi (d, 3H, 7 = 6.3 Hz). 0.95 (d, 3H, 7 
= 6.3 Hz); ^'P NMR (CDCb) 6 17.8; MS (ESI) 793 (M+Na); isom^ 48B: ^H NMR (CDCfe) 
5 7.46 (d, IH, 7 = 9.3 Hz). 7.24 (hr, IH), 7.00 (d. 2H. 7 = 8.7 Hz), 6.91 (d, IH, 7 = 8.7 Hz), 
6.53 (d, 2H, 7= 8.7 Hz), 5.74 (d, IH, 7= 5.1 Hz), 5.44 (m, IH), 5.35 (d, IH. 7 = 9.0 Hz). 5.18 
(q. IH, 7= 7.2 Hz). 4.68 (dd, IH, 7= 14.4 and 6.3 Hz), 4.23 (m. 3H). 4.10 (m, IH), 4.04 (s, 

30 3H), 3.77-4.04 (m, 6H), 3.46 (dd, IH, 7 = 12.9 and 1 1.4 Hz), 3.08 (hr, IH), 2.85 (m, 2H), 

2.76 (dd, IH, 7= 12.9 and 4.8 Hz), 1.79-2.11 (m, 3H), 1.75 (d, 3H. 7 = 6.6 Hz), 1.70 (m, 2H), 
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1.27 (t, 3H, 7= 6.9. Hz), 1.01 (d, 3H. 7 = 6.6 Hz), 0.93 (d, 3H, / = 6.6 Hz); ''P NMR (CDCfe) 
5 15.4; MS (ESI) 793 (M+Na). 

Example 1 





QH 




9pr 



1 2R = CH3 

3R = CH(CH3)2 

Example lA . 

Dimethylphosphonic ester 2 (R = CH3 ): To a flask was charged with phosphonic acid 1 (67 
mg, 0.1 mmol), methanol (0.1 mL, 2.5 mmol) and 1, 3-dicycIohexylcarbodiimide (83 mg, 0.4 
mmol), then pyridine (1 mL) was added under N2* The resulted mixture was stirred at 60 
-70°C for 2 h, thai cooled to room tenq>erature and diluted with ethyl acetate. The mixture 
was filtered and the filtrate was evaporated. The residue was diluted with ethyl acetate and 
the combined organic phase was washed with NH4CI, brine and water, dried over Na2S04, 
filtered and concentrated. The residue was purified by chromatography on silica gel 
(isopropanol/CH2Cl2, 1% to 7%) to give 2 (39 mg, 56 %) as a white solid. NMR (CDCh) 
5 7.71(d, J =r 8.7 Hz, 2H), 7.15 (d, J = 8.7Hz, 2H), 7.00 (d, J = 8.7 Hz, 2H), 6.87 (d, J = 8.7 
Hz, 2H), 5.65 (d, J = 5.1 Hz, IH), 5.10-4.92 (m, 4H), 4.26 (d, J = 9.9 Hz, 2H), 3.96 -3.65 (m 
overl^ping s, 15H), 3.14-2.76 (m, 7H), 1.81-1.55 (ni, 3H), 0.91 (d, J = 6.6 Hz, 3H), 0.88 (d, 
J = 6.6 Hz, 3H); ^^P NMR (CDCI3) 5 21.7; MS (ESI) 723 (M+Na). 



Examplft IB 

Diisopropylphosphonic ester 3 (R = CH (013)2 ) was synthesized in the same manner in 60% 
yield. ^H NMR (CDCI3) 5 7.71(d, J = 8.7 Hz, 2H), 7.15 (d, J = 8.7Hz, 2H), 7.15 (d, J = 8.7 
Hz, 2H), 6.99 (d, J = 8.7 Hz, 2H), 6.87 (d, J = 8.7 Hz, 2H), 5.66 (d, J = 5.1 Hz, IH), 5.08-4.92 
(m, 3H), 4.16 (d, J = 10.5 Hz, 2H), 3.98 -3.68 (m overlapping s, 9H), 3.16-2.78 (m, 7H), 
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1.82-1.56 (m, 3H), 1.37 (t, J = 6.3 Hz, 6H), 0.93 (d, J = 6.6 Hz, 3H), 0.88 (d, J = 6.6 Hz, 3H); 
^^P NMR (CDQa) 5 17.3; MS (ESI) 779 (M+Na). 



Example 2 



9j 

o-V 



H OH 





9pPh 




4 



Componnd 


Ri 


R2 


5a 


OPh 


mix-Hba-Et 


5b 


OPh 


(S)-Hba-Et 


5c 


OPh 


(■S)-Hba-tBu 


5d 


OPh 


(5)-Hba-EtMor 


5e 


OPh 


(RyHbst-m 



Example 2A 

10 Monolactate 5a (RI = OPh, R2 = Hba-Et): To a flask was charged with monophenyl 
phosphonate 4 (250 mg, 0.33 mmol), 2-hydroxy-n-butyric acid ediyl ester (145 mg, 1.1 
mrDol) and 1, S-dicyclohexylcarbodiiroide (226 mg, 1.1 mmol), then pyridine (2.5 mL) was 
added under N2. The resulted noixture was stirred at 60-70**C for 2 h, then cooled to room 
tenq)erature and dihited with ethyl acetate. The mixture was filtered and the filtrate was 

15 evaporated. The residue was diluted with ethyl acetate and the combined organic phase was 
washed with NH4CI, hrine and water, dried over N^S04, filtered and concentrated The 
residue was purified by chromatography on silica gel (EtOAc/CH2Cfc, 1:1) to give 5a (150 
mg, 52 %) as a white solid. 'H NMR (CDQa) 5 7.70 (d, J = 8.7 Hz, 2H), 7.37-7.19 (m, 5H), 
7.14 (d, J = 8.7 Hz, 2H), 7.00 (d, J = 8.7 Hz, 2H), 6.91 (d, J = 8.7 Hz, IH), 6.86 (d, J = 8.7 

20 Hz, IH), 5.65 (m, IH), 5.10-4.95 (m, 3H), 4.57-4.39 (m, 2H), 4.26 (m, 2H), 3.96 -3.68 (m 
overlapping s, 9H), 3.15-2.77 (m, 7H), 1.81-1.55 (m, 5H), 1.21 (m, 3H), 1.04-0.86 (m, 6H); 
^^P NMR (CDQs) 5 17.5 and 15.1; MS (ESI) 885 (M+Na). 
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Example ZB 

Monolactate 5b (Rl = OPh, R2 = (5)-Hba-Et): To a flask was charged with monophenyl 
phosphoBate 4 (600 mg, 0.8 mmol), (5)-2-hydroxy-ii-butyric acid ethyl ester (317 mg, 2.4 
mmol) and 1, 3-dicyclohexylcarbodiiinide (495 mg, 2.4 mmol), then pyridine (6 mL) was 

5 added under N2. The resulted niixture was stirred at 60-70^C for 2 h, then cooled to room 
ten^rature and diluted with ethyl acetate. The mixture was filt^ed and the filtrate was 
evaporated! The residue was diluted with ethyl acetate and the conibined organic phase was 
washed with NH4CI, hrine and water, dried over Na2S04, filtered and concentrated. The 
residue was purified by chromatography on silica gel (EtOAc/CH2Cl2, 1:1) to give 5b (360 

10 mg, 52 %) as a white solid. NMR (0x13) 5 7.71 (d. J = 8.7 Hz, 2H), 7.37-7.19 (m, 5H), 
7.15 (d, J = 8.7 Hz, 2H), 7.00 (d, J = 8.7 Hz, 2H), 6.92 (d, J = 8.7 Hz, IH), 6.86 (d, J = 8.7 
Hz, IH), 5.65 (m, IH), 5.104.95 (m, 3H), 4.57-4.39 (m, 2H). 4.26 (m, 2H), 3.96 -3.68 (m 
overlapping s, 9H), 3.15-2.77 (m, 7H), 1.81-1.55 (m, 5H), 1.23 (m, 3H), 1.04-0.86 (m, 6H); 
^^PNMR (CDa3) 6 17.5 and 15.2; MS (ESI) 885 (M+Na). 

15 

Example 2C 

Monolactate 5c(Rl = OPh, R2 = (5)-Hba-tBu): To a flask was charged with monophenyl 
phosphonate 4 (120 mg, 0.16 mmol), tert-butyl (5)-2-hydroxybutyrate (77 mg, 0.48 mmol) 
and 1, 3-dicycIohexylcarbodiimide (99 mg, 0.48 mmol), then pyridine (1 mL) was added 

20 underN2. The resulted mixture was stirred at 60~70^C for 2 h, tten cooled to room 

tenq>erature and diluted with ethyl acetate. The mixture was filtered and the filtrate was 
evaporated. The residue was diluted with ethyl acetate and the combined organic phase was 
washed with NH4CI, brine and water, dried over Na2S04, filtered and concentrated. The 
residue was purified by chromatography on silica gel (EtOAc/CH2Cb, 1:1) to ^ve 5c (68 mg, 

25 48 %) as a white solid. ^H NMR (CDQa) 5 7.71 (d, J = 8.7 Hz, 2H), 7.37-7.19 (m, 5H), 
7.14 (d, J = 8.7 Hz, 2H), 7.00 (d, J = 8.7 Hz, 2H), 6.93 (d, J = 8.7 Hz, IH), 6.86 (d, J = 8.7 
Hz, IH), 5.64 (m, IH), 5.10-4.95 (m, 3H), 4.57-4.39 (m, 2H), 4.26 (m, 2H), 3.96 -3.68 (m 
overlapping s, 9H), 3.15-2.77 (m, 7H), 1.81-1.55 (m, 5H), 1.44 (d, J = 11 Hz, 9H), 1.04-0.86 
(m, 9H); ^^P NMR (CDCI3) 8 17.5 andl5.2; MS (ESI) 913 (M+Na). 

30 

Eicample 7T> 

Monolactate 5d (Rl = OPh, R2 = (S)-Lac-EtMor) : To a flask was charged with monophenyl 
phosphonate 4 (188 mg, 0.25 mmol), (5)-lactate ethyknorpholine ester (152 mg, 0.75 mmol) 
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and 1, 3"dicyclohexylcarbodiiimde (155 mg, 0.75 imuoX)» then pyridine {2mL) was added 
under N2. The resulted mixture was stirred at 60-70**C for 2 h, then cooled to room 
temperature and diluted with ethyl acetate. The mixture was filt^ed and the filtrate was 
evaporated. The residue was washed with ethyl acetate and the combined organic phase was 
5 washed with NH4CI, brine and wat^, dried over Na2S04, filtered and concentrated. The 
residue was purified by chromatogr^hy on silica gel (isopropano]/CH2Cl2» 1-9) to give 5d 
(98 mg, 42 %) as a white soKd. NMR (aX^s) 5 7.72 (d, J = 8.7 Hz, 2H), 7.34-7.20 (m, 
5H), 7.15 (d, J = 8.7 Hz, 2H), 7.00 (d, J = 8.7 Hz, 2H), 6.92 (d, J = 8.7 Hz, IH), 6.87 (d, J = 
8.7 Hz, IH), 5.65 (m. IH), 5.21-4.99 (m, 3H), 4.57-4.20 (m, 4H), 3.97 -3.63 (m overlapping 
10 s, 13H), 3.01-2.44 (m, 13H), 1.85-1.50 (m, 6H), 0.92 (d, J = 6.5 Hz, 3H), 0.88 (d, J = 6.5, 
3H); NMR (CDCk) 6 17.4 and 15.3; MS (ESI) 934(M). 

Example 2E 

Monolactate 5e (Rl = OPh, R2 = (/?)-Hba-Et): To a flask was charged with monophenyl 
15 phosphonate 4 (600 mg, 0.8 mmol), (/f)-2-hydroxy-n-butyric acid ethyl ester (317 mg, 2.4 
mmol) and 1, 3-dicyclohexyIcarbodiimide (495 mg, 2.4 mmol), then pyridine (6 mL) was 
added under N2. The resulted mixture was stirred at 60-70®C for 2 h, then cooled to room 
temperature and diluted with ethyl acetate. The mixture was filtered and the filtrate was 
evaporated. The residue was dihited with ethyl acetate and the combined organic phase was 
20 washed with NH4CI, brine and water, dried ov^ Na2S04, filtered and concentrated The 
residue was purified by chromatography on silica gel (EtOAc/CH2Cl2, 1:1) to give 5e (345 
mg, 50 %) as a white solid. ^H NMR (CDQa) 5 7.70 (d, J = 8.7 Hz, 2H), 7.37-7.19 (m, 5H), 
7.15 (d, J = 8.7 Hz, 2H), 7.00 (d, J = 8.7 Hz, 2H), 6.92 (d, J = 8.7 Hz, IH), 6.86 (d, J = 8.7 
Hz, IH), 5.65 (m, IH), 5.10-4.95 (m. 3H), 4.57-4.39 (m, 2H), 4.26 (m. 2H), 3.96 -3.68 (m 
25 overlapping s, 9H), 3.15-2.77 (m, 7H), 1.81-1.55 (m, 5H), 1.23 (m, 3H), 1.04-0.86 (m, 6H); 
^^P NMR (CDCfe) 5 17.5 andl5.1; MS (ESI) 885 (M+Na). 
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Example 3 

Monoamidate 6: To a flask was charged with monophenyl phosphonate 4 (120 mg, 0.16 
mmol}» L-alanine butyric acid ethyl ester hydrochloride (160 mg, 0.94 mmol) and 1, 3- 
dicyclohexylcarbodiimide (132 mg, 0.64 mmol), then pyridine (1 mL) was added under N2. 
The resulted mixture was stirred at 60-70°C for 2 h, then cooled to room temperature and 
diluted with ethyl acetate. The mixture was fiheired and the filtrate was ev^otated. The 
residue was diluted with ethyl acetate and the combined organic phase was washed with 
NH4CI, brine and water, dried over Na2S04, filtered and concentrated. The residue was 
purified by chromatography on silica gel (isopropanol/CH2a2, 1:9) to give 6 (55 mg, 40 %) 
as a white solid. 'H NMR (CDCI3) 5 7.72 (d, J = 8.7 Hz, 2H), 7.37-7.23 (m, 5H), 7.16 (d, J 
= 8.7 Hz, 2H), 7.00 (d, J = 8.7 Hz, 2H). 6.90-6.83 (m, 2H), 5.65 (d, J = 5.1Hz, IH), 5.1(M.92 
(m, 3H), 4.28 (m, 2H), 3.96 -3.68 (m overlapping s, 9H), 3.15-2.77 (m, 7H), 1.81-1.55 (m, 
5H). 1.23 (m, 3H), 1.04-0.86 (m, 6H); ^'P NMR (OXas) 8 20.7 and 19.6; MS (ESI) 
884(M+Na). 
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COOH 



Example 4A 

Conq)Oimd 8: To a stinfed solution of monobenzyl phosphonate 7 (195 mg, 0.26mmol) in 1 
mL of DMF at room teniperature under N2 was added benzyl-(s)-lactate (76 mg, 0.39 mmol) 
and PyBOP (203 mg, 039mniol), foHowed by DEEA (181pL. 1 mmol). After 3 h, the solvent 
was removed under reduced pressure, and the resulting crude mixture was purified by 
chromatography on silica gel (ethyl acetate/hexane 1:1) to give 8 (120 mg, 50%) as a white 
solid. NMR (CDCI3) 8 7.71 (d, J = 8.7 Hz, 2H), 7.38-7.34 (m. 5H), 7.12 (d, J = 8.7 Hz, 
2H), 6.99 (d, J = 8.7 Hz, 2H), 6.81(d, J = 8.7 Hz, 2H), 5.64 (d, J = 5.4 Hz, IH), 5.24-4.92 (m, 
7H), 4.28 (m, 2H), 3.96 -3.67 (m overlapping s, 9H), 3.16-2.76 (m, 7H), J.95-1.62 (m, 5H), 
0.99-0.87 (m, 9H); ^^P NMR (CDCI3) 5 21.0 and 19.7; MS (ESI) 962 (M+Na). 

Example 4B 

Compound 9: A solution of connpoimd 8 (100 mg) was dissolved in EtOH/ EtOAc (9 mL/ 
3mL), treated with 10 % Pd/C (10 mg) and was stirred under H2 atmosphere (balloon) for 1.5 
h. The catalyst was removed by filtration through celite. The filtered was evaporated under 
reduced pressure, the residue was triturated with ether and the solid was collected by 
filtration to afford the compound 9 (76mg, 94%) as a white solid. ^H IsIMR (CDaOD) 5 7.76 
(d, J = 8.7 Hz, 2H), 7.18 (d, J = 8.7 Hz, 2H), 7.08 (d, J = 8.7 Hz, 2H), 6.90 (d, J = 8.7 Hz, 
2H), 5.59 (d, J = 5.4 Hz, IH), 5.03-4.95 (m, 2H), 4.28 (m, 2H), 3.90 -3.65 (m overlapping s, 
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9H), 3.41 (m, 2H). 3.18-2.78 (m, 5H), 2.44 (m, IH), 1.96 (m, 3H), 1.61 (m, 2H), 1.18 (m, 
3H), 0.93 (d, J = 6.3 Hz, 3H), 0.87 (d, J = 6.3 Hz, 3H); ^'P NMR (CD3OD) 5 18.3; MS (ESI) 
782 (M+Na). 




CHO 



O 



11 QH 



6^ D 
12 COO- 



Example 5A 

Conq>oimd 11: To a stirred solution of coiiq>oimd 10 (1 g, l.SiomoI) in 6 mT. of DMF at 
room temperature under N2 was added 3~hydroxybenzaldehyde (292 mg, 2.6 mmol) and 

10 PyBOP (1 g, L95mmol), foUowed by DffiA (0.9 mL, 5.2 mmol). After 5 h, the solvent was 
removed under reduced pressure, and the resulting crude mixture was purified by 
chromatography on silica gel (ethyl acetate/hexane 1:1) to give 11 (800 mg, 70%) as a white 
soUd. *H NMR (CIXHs) 8 9.98 (s, IH), 7.79-6.88 (m, 12H), 5.65 (m, IH), 5.21-4.99 (m, 3H), 
4.62-4.16 (m, 4H), 3.99 -3.61 (m overlapping s, 9H), 3.11-2.79 (m, 5H), 1.85-1.53 (m, 6H), 

15 1.25 (m, 3H), 0.90 (m, 6H); ^^P NMR (CDCk) 5 17.9 and 15.9; MS (ESI) 899 (M+ Na). 

Example SB 

Compound 12: To a stirred solution of con^)ound 11 (920 mg, 1.05 mmol) in 10 mL of ethyl 
acetate at room temperature und^ N2 was added moiphohne (460 mg, 5.25 nmiol) and acedic 
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acid (0.25 mL, 4.2 ininol)» followed by sodimn cyanoborohydride (132 mg, 2.1 nunoQ. After 
20h» the solvent was reoooved under reduced pressure, and the residue was diluted with ethyl 
acetate and the combined organic phase was washed with NH4CI, brine and water, dried over 
Na2S04, filtered and concentrated. The residue was purified by chromatography on silica gel 
(isopropanol / CH2CI2, 6%) to give 12 (600 mg, 60%) as a white solid NMR (CDCfe) S 
7.71 (d, J = 8.7 Hz, 2H), 7.27 (m, 4H), 7.15 (d, J = 8.7 Hz, 2H), 6.95 (d, J = 8.7 Hz, 2H), 6.89 
(m, 2H), 5.65 (m, IH), 5.21-5.02 (m, 3H), 4.58-4.38 (m, 2H), 4.21-4.16 (m, 2H), 3.99 -3.63 
(m overlapping s, 15H), 3.47 (s, 2H), 3.18-2.77 (m, 7H), 2.41 (s, 4H), 1.85-1.53 (m, 6H), 
1.25 (m, 3H), 0.90 (m, 6H); ^^P NMR (CDQa) 5 17.4 and 15.2; MS (ESI) 971 (M+Na). 




Example 6A 

Corq)ound 14: To a stirred solution of conq>ound 13 (1 g, 3 mmol) in 30 mL of acetonitrile 
at room ten[q>erature under N2 was added thionyl chloride (0.67 miL, 9 nomol). The resulted 
mixture was stirred at 60-70**C for 0.5 h. After cooled to room terq>erature, the solvent was 
removed under reduced pressure, and the residue was added 30 mL of DCM, followed by 
DIEA (1.7 mL, 10 mmol), L-alanine butyric acid ethyl ester hydrochloride (1.7 g, 10 mmol) 
and TEA (1.7 mL, 12 mmol). After 4h at room tenq>erature, the solvent was removed under 
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reduced pressure, and the residue was dfluted with DCM and washed with brine and water, 
dried over N^S04, filtered and concentrated. The residue was purified by chromatography 
on silica gel (HexanaCtOAc 1:1) to give 14 (670 nag, 50%) as a yellow oiL NMR 
(CDCk) 5 733-7.11 (m, lOH), 5,70 (m, IH), 5.10 (s, 2H), 4.13-3.53 (m, 5H), 2.20-2.10 (m, 
5 2H). 1.76-1.55 (m, 2H), 1.25-1.19 (m, 3H), 0.85-0.71 (m, 3H); NMR (CDQs) 5 30.2 and 
29.9; MS (ESI) 471 (M+Na). 

Example 6B 

Con5)ound 15: A solution of conopound 14 (450mg) was dissolved in 9 mL of EtOH, then 
10 0.15 mL of acetic acid and 10 % Pd/C (90 mg) was added. The resulted mixture was stirred 
under H2 atmosphere (balloon) for 4 h. After filtration through celite, the filtered was 
evaporated under reduced pressure to afford the conq)ound 15 (SOOmg, 95%) as a colorless 
oflL ^HNMR (Cax;i3) 6 7.29-7.12 (m, 5H), 4.13-3.53 (m, 5H), 2.20-2.10 (m, 2H), 1.70-1.55 
(m, 2H), 1.24-1.19 (m, 3H), 0.84-0.73(m, 3H); ^^P NMR (CDCI3) 8 29.1 and 28.5; MS (ESI) 
15 315 (M+1). 

Example 6C 

Monoamdidate 17: To a stirred solution of compound 16 (532 mg, 0.9 mmol) in 4 mL of 
dicWoroethane was added con^MDund 15 (300 mg, 0.96 mmol) and MgS04 (50 mg), the 

20 resulted mixture was stirred at room ten5)erature under argon for 3h, then acetic acid (1.3 
mL, 23 mmol) and sodium cyanoborohydride (1.13 g, 18 mmol) were added. The reaction 
mixture was stirred at room ten5)erature for 1 h under argon. Then aqueous NaHCOa (50 
mL) was added, and the mixture was extracted with ethyl acetate, and the combined organic 
lay^ were washed with brine and water, dried ovex N^S04, filtered and concentrated. The 

25 residue was pxnified by chromatography on silica gel (EtOH / EtOAc, 1/9) to give 17 (600 
mg, 60%) as a white solid. 'H NMR (CDCfe) 5 7.73 (d, J = 8.7 Hz, 2H), 7.33-7.13 (m, 
9H), 7.00 (d, J = 8.7 Hz, 2H), 5.65 (d, J = 5.4 Hz, IH), 5.1 1-4.98 (m, 2H), 4.22 -3.68 (m 
overlapping s, 15H), 3.20-2.75 (m, 9H), 2.21-2.10 (m, 2H), 1.88-1.55(m. 5H), 1.29-1.19 (m, 
3H), 0.94-0.70 (m, 9H); ^'P NMR QCDCh) 5 31.8 and 31.0; MS (EST) 889 (M). 

30 

Example 7 
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Example 7 A 

Coii5)Ound 19: To a stirred sohition of con5)omid 18 (3.7 g, 14.3 imnol) in 70 mL of 
acetonitrile at lOom temperature under N2 was added thionyl chloride (6.3 mT.^ 86 nmiol). 
The resulted mixture was sdrred at 60-70^C for 2 h. A&er cooled to room temperature, the 
solvent was removed under reduced pressure, and the residue was added 150 mL of DCM, 
followed by TEA (12 mL, 86 mmol) and 2-ethoxyphenol (7.2 mL, 57.2 mmol). After 20h at 
room tenxperature, the solvent was removed under reduced pressure, and the residue was 
diluted with ethyl acetate and washed with hrine and water, dried over Na2S04, filtered and 
concentrated. The residue was purified by chromatography on silica gel (DCM/EtOAc 9:1) 
to give 19 (4.2 g, 60%) as a yeUow oiL NMR (CDCh) 8 7.32-6.83 (m, 13H), 5.22 (m, 
IH), 5.12 (s, 2H), 4.12-3.73 (m, 6H), 2.52-2.42 (m, 2H), 1.41-1.37 (m, 6H); NMR 
(CDQa) 5 25.4; MS (EST) 522 (M+Na). 

Example 7B 

Conq)ound 20: A solution of conq>ound 19(3 g, 6 mmol) was dissolved in 70 mL of 
acetonitrile at 0°C, then 2N NaOH (12 mL, 24 mmol) was added dropwisely. The reaction 
mixture was stirred at room temperature for 1.5 h. Then the solvent was removed und^ 
reduced pressure, and the residue diluted with water and extracted with ethyl acetate. The 
aqueous layer was acidified with cone. HQ to PH = 1, then extracted with ethyl acetate, 
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combined the organic layer and dried over Na2S04, filtered and concentrated to give 
componnd 20 (2 g, 88%) as a ofiF-white solid. NMR iCDCls) 5 7.33-6.79 (m, 9H), 5.10 (s, 
2H), 4.12-3.51 (m, 6H), 2.15-2.05 (m, 2H), 1.47-1.33 (m, 3H); ^'P NMR (CDCI3) 5 30.5; 
MS (ESI) 380 (M+1). 

Example 7C 

Compound 21: To a stirred solution of compound 20 (1 g, 2.6 mmol) in 20 mL of acetonitrile 
at room tenq>erature under N2 was added thionyl chloride (1.1 mL, 15.6 romol). The resulted 
mixture was stirred at 60-70°C for 45 min. After cooled to room tenop^ature, the solvent was 
removed und^ reduced pressure, and the residue was added 25 mL of DCM, followed by 
TEA (1.5 mL, 10.4 mmoj) and (S) lactate ethyl esta: (0.9 mL, 7.8 mmol). After 20h at room 
•teiiQ>erature, the solvent was removed under reduced pressure, and the residue was diluted 
with DCM and washed with brine and water, dried over Na2S04, filtered and concentrated. 
The residue was purified by chromatography on silica gel (DCM / EtOAc 3:1) to give 21 
(370 mg, 30%) as a yeUow oil NMR (CDCI3) S 7.33- 6.84 (m, 9H), 6.17-6.01 (m, IH), 
5.70 (m, IH), 5.18-5.01 (m, 3H), 4.25-4.04 (m, 4H), 3.78-3.57 (m, 2H), 2.38-2.27 (m, 2H), 
1.5-1.23 (m, 9H); NMR (CDCI3) 5 29.2 and 27.3; MS (ESI) 502 (M+Na). 

Example 7D 

CoEopound 22: A solution of compound 21 (370mg) was dissolved in 8 mL of EtOH, then 
0.12 mL of acetic acid and 10 % Pd/C (72 mg) was added. The resulted mixture was stirred 
und^ H2 atmosphere (balloon) for 4 h. After filtration through celite, the filta-ed was 
evaporated und^ reduced pressure to afford the coii5)Ound 22 (320mg, 96%) as a colorless 
oflL NMR iCDCls) 7.27- 6.86 (m, 4H), 5.98 (s, 2H), 5. 18-5.02 (m, IH), 4.25-4.06 (m, 
4H), 3.34-3.24 (m, 2H), 2.44-2.30 (m, 2H), 1.62-1.24 (m, 9H); ^^P NMR (GDQg) 5 28.3 and 
26.8; MS (ESI) 346 QA+l)- 
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Example 8 A 

Compound 24: Cori5)ound 23 was purified ming a I>ynainax SIX200 HPLC system The 
mobile phase consisted of acetonitrile: water (65:35, v/v) at a flow rate of 70 xnU min The 
injection volume was 4 mL. The detection was by fluorescence at 245 nm and peak area 
ratios were used for quantitations. Retention time was 8.2 noin for conq)Ound 24 as yellow 
oil NMR (CDQs) 5 7.36-7.19 (m, lOH), 5.88 (m. IH), 5.12 (s, 2H), 4.90-4.86 (m, IH), 
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4.26-4^12 (m. 2H), 3.72-3.61(ni, 2H), 2.36-2.29 (m, 2H), 1.79-1.74 (m, 2H); 1.27 (t, J = 7.2 
Hz, 3H), 0.82 (t, J = 7.2 Hz, 3H); ^^P NMR (CDQa) 5 28.3; MS (ESI) 472 QVl+Na). 

Example 8B 

5 Conipoiiiid 25 was purified in the same manner and retention time was 7.9 min for contrpound 
25 as yeUow oiL *H NMR (CDQa) S 7.34-7.14 (m, lOH), 5.75 (m, IH), 5.10 (s, 2H), 4.96- 
4.91 (m, IH), 4.18-4.12 (no, 2H), 3.66-3.55(m, 2H), Z29-Z19 (m, 2H), 1.97-1.89 (m, 2H); 
1.21 (t, J = 7.2 Hz, 3H). 0.97 (t, J = 7.2 Hz, 3H); ^^P NMR (CDCk) 5 26.2; MS (ESI) 472 
(M+Na). 

10 

Example 8C 

Compound 26: A solution of conapoimd 24 (1 g) was dissolved in 20 mL of EtOH, then 0.3 
mL of acetic acid and 10 % Pd/C (200 ing) was added. The resulted mixture was stirred 
under H2 atmosph^e (balloon) for 4 h. After filtration through celite, the filtered was 
IS evaporated under reduced pressure to afford the confound 26 (830mg, 99 %) as a colorless 
oE ^H NMR (CDQa) 5 7.46-7.19 (m, 5H), 4.92^.81 (m, IH), 4.24-4.21 (m, 2H), 3.41-3.28 
(m, 2H), 2.54-2.38 (m, 2H), 1.79- L74 (m, 2H), 1.27 (t, J = 7.2 Hz, 3H), 0.80 (t, J = 7.2 Hz, 
3H); ^^P NMR (CDQs) 5 26.9; MS (ESI) 316 (M+1). 

20 Example 8D 

Compound 27: A solution of compound 25 (700g) was dissolved in 14 mL of EtOH, then 
0.21 mL of acetic acid and 10 % Pd/C (140 mg) was added. The resulted mixture was stirred 
under 112 atmosphere (balloon) for 4 After filtration through celite, the filtered was 
evaporated under reduced pressure to afford the coiiq>ound 27 (510mg, 98 %) as a colorless 
25 oil ^H NMR (CDCI3) 8 7.39-7.18 (m, 5H), 4.98-4.85 (m, IH), 4.25-4.22 (m, 2H), 3.43-3.28 
(m, 2H), 2.59-2.41 (m, 2H), 1.99-1.85 (m, 2H), 1.28 (t, J = 7.2 Hz, 3H), 1.02 (t, J = 7.2 Hz, 
3H); 3'P NMR (CDCI3) 5 24.2; MS (ESI) 316 (M+1). 

Example 8E 

30 Con^)ound 28: To a stirred solution of conq>ound 16 (1.18 g, 2 mmol) in 9 mL of 1,2- 
dichloroethane was added cono^und 26 (830 mg, 2.2 mmol) and MgS04 (80 mg), the 
resulted mixture was stirred at room temperature under argon for 3h, then acetic acid (0.34 
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mL, 6 nuBol) and sodium cyazK>borohydride (2Sling, 4 mmol) were added.. The reaction 
mixture was stirred at room tenq)erature for 2 h under argoiu Then aqueous NaHCQs (50 
mL) was added, and the mixture was extracted with ethyl acetate, and the combined organic 
layers were washed with brine and water, dried over N^S04, filtered and concentrated. The 
5 residue was purified by chromatography on silica gel (EtOH/EtOAc, 1/9) to give 28 (880 mg, 
50 %) as a white soUd. *H NMR (CXO3) 8 7.71 (d, J = 8.7 Hz, 2H), 7.35-7.16 (m, 
9H), 6.99 (d, J = 8.7 Hz, 2H), 5.64 (d, J = 5.4 Hz, IH), 5.03-4.85 (m, 3H), 4.24 -3.67 (m 
overlapping s, 15H), 3.14-2.70 (m, "9H), 2.39-2.28 (m, 2H), 1.85-1.51 (m, 5H), 1.29-1.25 (m, 
3H), 0.93-0.78 (m, 9H); ^^P NMR (CDCls) 8 29.2; MS (EST) 912 (M+Na). 

10 

Example 8F 

Confound 29: To a stirred solution of conqpound 16 (857 g, 1.45 mmol) in 7 mL of 1,2- 
dicfaloroethane was added conipound 27 (600 mg, 1.6 mmol) and MgS04 (60 mg), the 
resulted mixture was stirred at room tentperature under argon for 3h, then acetic acid (0.23 

15 mL, 3 mmol) and sodium cyanoborohydride (183mg, 2.9 mmol) were added. The reaction 
mixture was stirred at room temperature for 2 h under argon. Then aqueous NaHCOa (50 
mL) was added, and the mixtuie was extracted with ethyl acetate, and the combined organic 
layets v/exe washed with brine and water, dried over Na2S04, filtered and concentrated. Hie 
residue was purified by chromatography on silica gel (EtOH^tOAc, 1/9) to give 29 (6S0 mg, 

20 50 %) as a white solid. 'H NMR (CDCI3) S 7.72 (d, J = 8.7 Hz, 2H), 7.35-7. 16 (m, 

9H), 7.00 (d, J = 8.7 Hz, 2H), 5.64 (d, J = 5.4 Hz, IH), 5.03-4.90 (m, 3H), 4. 17 -3.67 (m 
overlapping s, 15H), 3.16-2.77 (m, 9H), 2.26-2.19 (m, 2H), 1.94-1.53 (m, 5H), 1.26-1.18 (m, 
3H), 1.00-0.87 (m, 9H); ^'P NMR (CDCfe) 5 27.4; MS (ESI) 912 (M+Na). 
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Example 9 A 

Con^pound 31: To a stirred solution of conipoimd 30 (20 g, 60 nnDO][) in 320 mL of toluene 
at room ten5)erature under N2 was added thionyl chloride (17.5 mL, 240 nmiol) and a few 
drops of DMF. The resulted mixture was stirred at 60-70°C for 3 h. After cooled to lOom 
5 tenq)erature, the solvent was removed under reduced pressure, and the residue was added 280 
mL of DCM, followed by TEA (50 mL, 360 mmol) and (S) lactate ethyl ester (17 mL, 150 
mmol). After 20h at room ten9>erature, the solvent was removed under reduced pressure, and 
the residue was diluted with DCM and washed with hrine and water, dried over Na2S04, 
filtered and concentrated. The residue was purified by chromatography on silica gel (DCM / 
10 EtOAc , 1:1) to give 31 (24 g, 92 %) as a yeUow oil NMR (CDQs) 8 7.33-7.18 (m, lOH), 
5.94-6.63 (m, IH), 5.70 (m, IH), 5.12^.95 (m, 3H), 4.244.14 (m, 2H), 3.72-3.59(m, 2H), 
2.35-2.20 (m, 2H), 1.58-1.19 (m, 6H); ^^P NMR (CDQa) 8 28.2 and 26.2; MS (ESI) 458 
CM+Na). 



15 Example 9B 

Compound 32: Compound 31 was purified using a Dynamax SD-200 HPLX: system. The 
mobile phase consisted of acetonitrile: water (60:40, v/v) at a flow rate of 70 mU mm The 
injection volume was 3 mL. The detection was by fluorescence at 245 nm and peak area 
ratios were used for quantitations. Retention time was 8.1 min for conc5)Ound 32 as yeUow 
20 oiL NMR (CDCI3) 8 7.33-7.18 (m, lOH), 5.94-6.63 (m, IH), 5.70 (m, IH), 5.12-4.95 (m, 
3H), 4.24^.14 (m, 2H), 3.72-3.59(m, 2H), 2.35-2.20 (m, 2H), 1.58-1.19 (m, 6H); ^'P NMR 
(CDCI3) 8 28.2; MS (ESI) 458 (M+Na). 

Example 9C 

25 Compound 33 was purified in the same manner and retention time was 7.9 min for compound 
33 as yellow oiL *H NMR (CDCI3) 8 7.33-7.18 (m, lOH), 5.94-6.63 (m, IH), 5.70 (m, IH), 
5.12-4.95 (m, 3H), 4.24-4.14 (m, 2H), 3.72-3.59(m, 2H), 2.35-2.20 (m, 2H), 1.58-1.19 (m, 
6H); ^^P NMR (GDOj) 8 26.2; MS (ESI) 458 (M+Na). 



30 Example 9D 

Con5)ound 34: A solution of compound 33 (3.2 g) was dissolved in 60 mL of EtOH, then 0.9 
mL of acetic acid and 10 % Pd/C (640 mg) was added. The resulted mixture was stirred 
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under atmosphere (balloon) for 4 h. After filtration through celite, the filtered was 
evaporated und^ reduced pressure to afford the confound 34 (2.7 g, 99 %) as a colorless oiL 

NMR (CDCI3) 5 7.42-7.18 (m, 5H), 6.10 (s, IH), 5.15-5.02 (m, IH), 4.24-4.05 (m, 2H), 
3.25-3.16 (m, 2H), 2.36-2.21 (m, 2H), 1.61-1.58 (m, 3H), 1.35- 1.18, 3H); ^^P NMR 
5 iCDGs) 5 26. 1; MS (ESI) 302 (M+1). 

Example 9E 

Con5)Ound 35: To a stirred solution of conq)ound 16 (8.9 g, 15 mmol) in 70 mL of 1^- 
dichloroethane was added coir5)ound 34 (8.3 g, 23 mmol) and MgS04 (80 mg), the resulted 

10 mixture was stirred at room temperature under argon for 2.5h, then acetic acid (3 mL, 52.5 
mmol) and sodium cyanoborohydride (1.9g, 30 mmol) were added. The reaction mixture was 
stirred at room tenperature for 1.5 h under argon. Then aqueous NaHCQs (100 mL) was 
added, and the mixture was extracted with ethyl acetate, and the combined organic layers 
were washed with brine and water, dried over NaaSOA, filtered and concentrated. The residue 

15 was purified by chromatography on silica gel (EtOH/EtOAc, 1/9) to give 35 (8.4 g, 64 %) as 
a white soKd. *H NMR (CDCI3) 6 7.73 (d, J = 8.7 Hz, 2H), 7.36-7. 17(m, 9H), 7.00 (d, J = 8.7 
Hz, 2H), 5.64 (d, J = 5.1 Hz, IH), 5.07-4.97 (m, 3H), 4.19 -3.67 (m overlapping s, 13H), 
3.15-2.78 (m, 9H), 2.25-2.19 (m, 2H), 1.91-1.54 (m, 6H), 1.24-1.20 (m, 3H), 0.94-0,87 (m, 
6H); ^^P NMR (CDQa) 5 27.4; MS (ESI) 876 (M+1). 

20 

ResohitioB of Compound 35 Diastereomers 

Analysis was performed on an analj^ical Daicel Chiralcel OD column, conditions described 
below, wi^ a total of about 3.5 mg compound 35 free base injected onto the column. This lot 
was about a 3:1 mixture of major to minor diastereomers where the lactate ester carbon is a 

25 3:1 mix of R and S configurations. 

Two injections of 3.8 and 3.5 log each were made using the conditions described below. The 
isolated major diastereomer fractions were evaporated to dryness on a rotary evaporator 
under house vacuum. The chromatographic solvents were displaced by two portions of ethyl 
acetate followed by a single portion of ethyl acetate - trifluoroacetic acid (about 95:5) and a 

30 final high vacuum strq> to aid iu removal of trace solvents. This yielded the major 
diastereomer trifiuoroacetate salt as a gummy solid. 
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The resolved minor diastereomer was isolated for biological eyataation by an 11 mg 
injection, performed on an analytical Daicel Chiralcd OD column, using the conditions 
described in below. The minor diastereomer of 35 was isolated as the triflaoroacetate 
salt by the conditions described above. 

Larger scale injectioiis 300 mg 35 per injection) were later peiformed on a Daicel 
Chiralcel OD cohunn semi-preparative column with a guard cohmm, conditions described 
below. A nunimal quantity of isopropyl alcohol was added to heptane to dissolve the 3: 1 
diastereomeric mix of 35 and the resolved diastereomers san5)le, and the isolated fractions 
were refrigerated until the eluted mobile phase was str:q>ped. 

Analytical Column, - 4 mg Iniection, Heptane - EtOH f2D:»0) Tnitial 




Blution time nia,3. 
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Cohinm 
Mobile Phase 



Flow Rate 

RunTime 

Detection 

Tenq>erature 

Injection 

Sample Prep. 

Retention Times 



tiiii 



: Chiralcel CD, 10 pm, 4.6 x 250 
: Heptane - Ethyl Alcohol (20:80 initial) 
: 100% Ethyl Alcohol (final) 
Note: final began after first peak ehited 
l.OmL/min 



As needed 
UV at 250 nm 
Ambient 

~ 4 mg on Column 
Dissolved in ~ 1 mL heptane 
ethyl alcohol (50:5()) 
35 Minor ~ 14 min 



35 Major 25 min 



Analytical Cohimn, - 6 mg Injection. Heptane - EtOH (65:35) Initial 
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HPLC CONDITIONS 



Coluum 
Mobile Phase 



How Rate 
Run Time 
Detection 
Temperature 
Injection 
Sart^le Prep. 



Retention Times 



mil 



: Chiralcel OD, 10 jim, 4.6 x 250 
: Heptane - Ethyl Alcohor(65:35 initial) 
: Heptane - Ethyl Alcohol (57.5:42.5 intermediate) 
Note: Intermediate began after inQ>urity peaks eluted 
: Heptane - Ethyl Alcohol (20:80 final) 
Note: Final mobile phase began after minor 
diastereomer eluted 



l.OmL/min 
As needed 
UVat250nm 
Ambient 

- 4 mg on Column 
Dissolved in 1 mL heptane 
ethyl alcohol (50:50) 
35 Minor - 14 min 



35 Major ~ 40 min 
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Semj-Preparative Column^ ^ 300 mg Injection^ Heptane - EtOH (€^r'^5) Initial 




10 20 30 40 50 SO 70 BO 

fflutian time ni^.s 
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HPLC CONDITIONS 



Cohinms 



Mobile Phase 



Flow Rate 
Run Time 
Detection 
Teinperature 
Injection 
Sajiq>le Prep. 



Retention Times 



: Chiralcel OD, 20 pm, 21 x 50 nim (guard) 
: Chiralcel OD, 20 pm, 21 x250 mm 
: Heptane - Ethyl Alcohol (65:35 initial) 

: Heptane - Ethyl Alcohol (50:50 intranediate) 

Note: Intermediate began after minor 
diastereomer peak ehited 
: Heptane-^ Ethyl Alcohol (20:80 final) 

Note: Knal mobile phase began after major 

diastereomer began to ehite 

10.0 mL/min 

As needed 

UVat260nm 

Ambient 

~ 300 mg on Column 
Dissolved in 3,5 mL hetpane - 
ethyl alcohol (70:30) 
35 Minor ~ 14 min 
35 Major - 40 min 
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H OH 



/=\ _ H OH r 



n^f T\ CsoCO, ° O 



OH 1 



o^ 

8 ■ OTf 



H OH r >^l?^-0 

CO. Pd(OAc)2 o'^"°Y^r^'^^,HQ-OCH3 >^ 3 

VI O \ 0'b^ BOOC , 

dppp, DMF, 70°C O-y f3 

^CHO NaBHaCN, HOAc 



CIGH2CH2CI 



H OH r / 

oj" H 




N 




PhCT o_/ 



COOEt 



§ Mel. NaH, § PtOo. 1NHCL . S 



o ivipi- i^an, " PtOo 1 N HCI .nv^i " 



TMS-Br n 1.CBZ-CI 



CH3CN ■ H2NC>^''gOH ^ CBZHNO<'S^gP»^ 

. 2. SOOI2, 70°C ^ 
^ 3. PhOH. DIPEA 



1. NaOH.CH3CN^^^^^J^ Ha. 10% Pd/C. H^Nj^ OPh 

2. BOp-reagent ^'^OLac -rpA (1 eq.) -TFA 
DIPEA. L-actate ^ \ 

ethyl ester EtOOC 




3 
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Example 29 

Triflate derivative 1: A THF-CH2a2 solution (3QmL-10 mL) of 8 (4 g, 6.9 mmol), cesium 
carbouate (2.7 g, 8 mmol), and N-phenyltri£hioromethane sulfonimide (2.8 g» 8 mmol) was 
reacted ovemighL The reaction mixture was worked up, and concentrated to dryness to give 
5 crude triflate derivative 1. 

Aldehyde 2: Crude triflate 1 (4.5 g, 6.9 nmiol) was dissolved in DMF (20 mL), and the 
solution was degassed (high vacuum for 2 min, Ar purge, repeat 3 times). Pd(OAc)2 (0.12 g, 
0.27 mmol), and bis(diphenylphosphino)propane ((^pp, 0.22 g, 0.27 mmol) were added, the 

10 solution was heated to 70°C. Carbon monoxide was rapidly bubbled through the solution, 
then under 1 atmosphere of carbon monoxide. To this solution were slowly added TEA (5.4 
dqL, 38 mmol), and triethylsilane (3 ml), 18 mmol). The resulting solution was stirred 
overnight at room temperature. The reaction mixture was worked up, and purijQed on silica 
gel column chromatograph to afford aldehyde 2 (2.1 g, 51 %). (Hostetler, et al J. Org. Chem., 

15 1999. 64, 178-185). 

Lactate prodrug 4: Coiiq)ound 4 is prepared as described above procedure for Exsuoaplc 9E, 
Compound 35 by the reductive amination between 2 and 3 with NaBHsCN in 1,2- 
dichloroethane in the presence of HOAc. 

20 

Example 30 Preparation of Compomid 3 

Diethyl (cyano(dimethyl)methyl) phosphonate 5: A THF solution (30 mL) of NaH (3.4 g of 
60% oil dispersion, 85 mmol) was cooled to -lO^C, followed by the addition of diethyl 
(cyanomethyl)phosphonate (5g, 28.2 mmol) and iodomethane (17 g, 112 mmol). The 
25 resulting solution was stirred at -10**C for 2 hr, then O^C for 1 hr, was worked up, and 
purified to give dimethyl derivative 5 (5 g, 86 %). 

Dietyl (2--amino-l,l-dimethyI-ethyl)phosphonate 6: Compound 5 was reduced to amine 
derivative 6 by the described procedure (J. Med. Chem. 1999, 42, 5010-5019). 
A solution of ethanol (150 mL) and IN HCl aqueous solution (22 mL) of 5 (2.2 g, 10.7 
30 mmol) was hydrogenated at 1 atmosphere in the presence of RO2 (1.25 g) at room 

tenq>erature overnight. The catalyst was filtered through a celite pad. The filtrate was 
concentrated to dr^ess, to give crude 6 (2.5g, as HCl salt). 
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2-Anmio-l,l-diinethyl-ethyl phosphonic acid 7: A solution of CH3CN (30 mL) of crude 6 
(2.5 g) was cooled to 0**C, and treated with TMSBr (8 g, 52 mmol) for 5 hr. The reaction 
mixture was stirred with methanol for 1.5 hr at room tenqierature, concentrated, recharged 
with methanol, concentrated to dryness to give crude 7 which was used for next reaction 
without further purificatioiL 

Lactate phenyl (2-amino-l,l-dimethyl-ethy5phosphonate 3: Confound 3 is synthesized 
according to the procedures described in Example 9D, Con^und 34 for the preparation of 
lactate phenyl 2-aminoethyl phosphonate 34. Conq)ound 7 is protected with CBZ, followed 
by the reaction with thionyl chloride at TO^'C. The CBZ protected dichlorodate is reacted 
phenol in the presence of DBPEA. Removal of one phenol, follow by coupling with ethyl L- 
lactate leads N-CBZ-2-amino-l,l-dimethyl-ethyl phosphonate derivative. Hydrogenation of 
N-GBZ derivative at 1 atmosphere in the presence of 10 % Pd/C and 1 eq. of TFA affords 
conq>ound 3 as TFA salt. 
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Scheme 1 
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Example 1 

Monophenol Allylphosphonate 2: To a solution of allylphosphonic dichloride (4 g, 25.4 
mmol) and phenol (5.2 g, 55.3 nmol) in CH2CI2 (40 mL) at 0°C was added TEA (8.4 mL, 60 
nunol). After stirred at room temperature for 1.5 h, the mixture was diluted with hexane- 
ethyl acetate and washed with HCl (0.3 N) and water. The organic phase was dried over 
MgS04, filtered and concentrated xmder reduced pressure. The residue was filtered through a 
pad of silica gel (eluted with 2:1 hexane-ethyl acetate) to afford crude product diphenol 
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ally^hosphonate 1 (7.8 g, containing the excessive phenol) as an oil which was used directly 
without any further puiiiicatioiL The crude noaterial was dissolved in CHaCaSf (60 mL), and 
NaOH (4.4N, 15 mL) was added at O^C. The resulted mixture was stirred at room 
teii5)erature for 3 h, then neutralized with acetic acid to pH — 8 and concentrated under 
5 reduced pressure to remove most of the acetonitrile. The residue was dissolved m water (50 
mL) and washed with CH2Cb (3X25 mL). The aqueous phase was acidified with 
concentrated HQ at 0**C and extracted with ethyl acetate. The organic phase was dried over 
MgS04, filtered, evaporated and co-evaporated with toluene under reduced pressure to yield 
desired monophenol allylphosphonate 2 (4.75 g. 95%) as an oiL 

10 

Example 2 

Monolactate Allylphosphonate 4: To a solution of monophenol allylphosphonate 2 (4.75 g, 
24 mmol) in tohiene (30 mL) was added SOCfc (5 mL, 68 mmol) and DMF ( 0.05 mL). After 
stirred at 65**C for 4 h , the reaction was conopleted as shown by NMR. The reaction 

15 mixture was evaporated and co-^vaporated vidth toluene under reduced pressure to give mono 
chloride 3 (5.5 g) as an oiL To a sohition of chloride 3 in CH2CI2 (25 mL) at 0°C was added 
ethyl (s>lactate (3.3 mL, 28.8 mmol), followed by TEA. The mixture was stirred at O^'C for 5 
min then at room temperature for 1 h, and concentrated under reduced pressure. The residue 
was partitioned between ethyl acetate and HCl (0.2N), the organic phase was washed with 

20 water, dried over MgS04, filtered and concentrated under reduced pressure. The residue was 
purified by chromatography on silica gel to afford desired monolactate 4 (5.75 g, 80%) as an 
oil (2:1 mixture of two isomers): NMR (CDQa) 6 7.1-7.4 (m, 5H), 5.9 (m, 1H[), 5.3 (m, 
2H), 5.0 (m. IH), 4.2 (m, 2H), 2.9 (m, 2H), 1.6; 1.4 (d, 3H), 1.25 (m, 3H); NMR (CDQa) 
5 25.4, 23.9. 

25 

Example 3 

Aldehyde 5: A solution of allylphosphonate 4 (2.5 g, 8.38 nmiol) in CH2CI2 (30 mL) was 
bubbled with ozone air at -78°C until the solution became blue, then bubbled with nitrogen 
until the blue color disappeared. Methyl sulfide (3 mL) was added at -78*^C. The mixture 
30 was warmed up to room teBn5)erature, stirred for 16 h and concentrated under reduced 

pressure to give desired aldehyde 5 (3.2 g, as a 1:1 mixture of DMSO): NMR (CDCI3) 5 
9.8 (m, IH), 7.1-7.4 (m, 5H), 5.0 (m, IH), 4.2 (m, 2H), 3.4 (m, 2H), 1.6; 1.4 (d, 3H), 1.25 (m, 
3H); ^^PNMR (CDQa) 6 17.7, 15.4. 

-1482- 



wo 03/090690 PCT/US03/12901 



Eicam plft 4 

Conq>ound 7: To a solution of aniline 6 (reported before) (1.62 g, 2.81 mmol) in THF (40 
mL) was added acetic acid (0.8 mL, 14 nmiol), followed by aldehyde 5 (1.3 g, 80%, 3.46 
5 mmol) and MgS04 (3 g). The mixture was stirred at room temperature for 0*5 h, then 
NaBHaCN (0.4 g, 6.37 mmol) was added After stirred for 1 h, the reaction mixture was 
filtered. The filtrate was diluted with ethyl acetate and washed with NaHCCb, dried over 
MgS04, filtered and concentrated under reduced pressure. The residue was purified by 
chromatography on silica gel to give con5)ound 6 (l.lg, 45%) as a 3:2 mixture of two 

10 isomers, which were separated by HPLC (mobile phase, 70% CH3CN/H2O; flow rate: 70 
mUmin; detection: 254 um; column: S\i CI 8, 41X250 mm, Varian). Isomer A (0.39 g): 
NMR (CDQa) 5 7.75 (d, 2H), 7.1-7.4 (m, 5H), 7.0 (m, 4H). 6.6 (d, 2H), 5.65 (d, IH), 5.05 
(m, 2H), 4.9 (d, IH), 4.3 (brs, IH), 4.2 (q, 2H), 3.5-4.0 (m, 6H), 3.9 (s, 3H), 2.6-3Ji (m, 9H), 
2.3 (m, 2), 1.6-1.9 (m, 5H), 1.25 (t, 3H), 0.9 (2d, 6H); ^^P NMR (CDOs) 8 26.5; MS (EST): 

15 862 (M+H). Isomer B (0.59 g): NMR (CDCh) 5 7.75 (d, 2H), 7.1-7.4 (m, 5H), 7.0 (m, 
4H), 6.6 (d, 2H), 5.65 (d, IH), 5.05 (m, 2H), 4.9 (d, IH), 4.5 (brs, IH), 4.2 (q, 2H), 3.5-4.0 
(m, 6H), 3.9 (s, 3H), 2.7-3.2 (m, 9H), 2.4 (m, 2), 1.6-1.9 (m, 2H), 1.4 (d, 3H), 1.25 (t, 3H), 
0.9 (2d, 6H); ^¥ NMR (CDCI3) 5 28.4; MS (ESI): 862 (M+H). 
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Scheme 2 




Example 5 

Acid 8: To a solution of confound 7 (25 mg, 0.029 mmol) in acetonitrile (1 mL) at O^C was 
added NaOH (IN, 0.125 mL). The mixture was stirred at O'^C for 0.5 h and at room 
tenq)erature for 1 h. The reaction was quenched with acetic acid and purified by HPLC to 
give acid 8 (10 mg, 45%). NMR (CD3OD) 8 7.8 (d, 2H), 7.5 (d, 2H), 7.4 (d, 2H), 7.1 (d, 
2H), 5.6 (d, IH), 4.9 (m, 3H), 3.2-4.0 (m, 6H), 3.9 (s, 3H), 2.6-3.2 (m, 9H), 2.05 (m, 2), 1.4- 
1.7 (m, 2H), 1.5 (d, 3H), 0.9 (2d, 6H); ^^P NMR (CD3OD) 5 20.6; MS (ESI): 758 (M+H). 
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Diacid 10: To a solution of triflate 9 (94 mg, 0,214 nunol) in CH2a2 (2 mL) was added a 
solution of aniline 6 (100 mg, 0.173 mmol) in CH2a2 (2 mL) at ^O'^C, followed by 2,6- 
5 lutidine (0.026 mL). The mixture was warmed up to room tenq)erature and stirred for 1 h. 
Cesium carbonate (60 mg) was added and the reaction mixture was stirred for additional 1 h. 
The mixture was diluted with ethyl acetate, washed with HCi (0.2N), dried over MgS04, 
filtered and concentrated under reduced pressure. The residue was purified by HPLC to 
afford dibenzyl phosphonate (40 mg). To a solution of this dibenzyl phosphonate in ethanol 

10 (3 mL) and ethyl acetate (1 mL) was added 10% Pd/C (40 mg). The mixture was stirred 
under hydrogen atmosphere (balloon) for 4 h. The reaction mixture was diluted with 
methanol, filtered and concentrated under reduced pressure* The residue was washed with 
ethyl acetate and dried to give desired product diacid 10 (20 mg). NMR (CD3OD) 5 7.8 
(d, 2H), 7.3 (d, 2H), 7.1 (2d, 4H), 5.6 (d, IH), 4.9 (m, 2H), 3.4^.0 (m, 6H), 3.9 (s, 3H), 2.5- 

15 3.2 (m, 9H), 2.0 (m, 2), 1.4-1.7 (m, 2H), 0.9 (2d, 6H); ^^P NMR (CD3OD) 6 22.1; MS (ESI): 
686 (M+H). 
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Scheme 3 
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The synthesis of con^und 19 is outlined in Scheme 3. Condensation of 2-methyl-2- 
propanesul&iamide with acetone give sulGnyl imine 11 (J. Org. Chem. 1999, 64, 12). 

-1486- 



wo 03/090690 PCT/US03/12901 

Addition of dimethyl methylphospbonate lithium to 11 afford 12. Acidic methanolysis of 12 
provide amine 13. Protection of amine with Cbz group and removal of methyl groups yield 
phosphonic acid 14, which can be convrated to desired 15 using methods reported earUer on* 
An alternative synthesis of conq>ound 14 is also shown in Scheme 3. Commercially available 
2-arDino-2-methyl-l-propanol is converted to aziridines 16 according to literature methods (J. 
Org. Chem. 1992, 57, 5813; and Syn. Lett. 1997, 8, 893). Aziridine opening with phosphite 
give 17 (Tetrahedron Lett 1980, 21, 1623). Deprotection (and, if necessary, reprotection) of 
17 afford 14. Reductive amination of amine 15 and aldehyde 18 provides compound 19. 



H OH r^y=\ 




O" s ^ "If^ " ii. HOAc, NaCNBHg 



iii. TFA 



H OH 

N 




OEt 
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Example 1 

2- { [2-(4- { 2-(Hexahydro-fiiro[2,3-b]furan-3-yloxycarbonylai^ 

inethoxy-beiizenesulfonyl)-aiDino]-butyl}-benzylai^ 

propionic acid ethyl ester 2 (Coic^>ouBd 35, previous Exaoople 9E). 

A solution of 1 (2,07 g, 3.51 mmol) and 4 (1.33 g, 3.68 mmol of a 4:1 mixture of two 
diastereomers at the phosphorous center) were dissolved in 14 mL of (C^hCkdi to provide a 
clear solution. Addition of MgS04 (100 mg) to the solution resulted in a white cloudy 
mixture. The solution was stirred at ambient temperature for 3 hours when acetic acid (0.80 
roL, 14.0 mmol) and sodium cyanoborohydride (441 mg, 7.01 nmiol) were added. Following 
the reaction progress by TLC showed complete consumption of the aldehyde starting 
materials in 1 hour. The reaction mixture was worked up by addition of 200 mL of saturated 
aqueous NaHCCb and 400 mL of CH2CI2. The aqueous layer was extracted widi CH2a2 two 
more times (2 x 300 mL). The combined organic extracts were dried in vacuo and purified 
by column chromatography (EtOAc- 10% MeOH: EtOAc) to provide the desired product as a 
foam. The early eluting compound from the column was collected and characterized as 
alcohol 3 (810 mg, 39%). Addition of TFA (3x1 mL) generated the TFA salt which was 
lyopholized from 50 mL of a 1:1 CH3CN: H2O to provide 1.63 g (47%) of the product 2 as a 
white powder. NMR (CD3CN) 5 8.23 (br s, 2H), 7.79 (d, /= 8.4 Hz, 2H), 7.45- 7.13 (m, 
9H), 7,09 (d, J= 8.4 Hz, 2H), 5.86 (d, /= 9.0 Hz, IH), 5.55 (d, J= 4.8 Hz, IH). 5.05-4.96 (m, 
IH), 4.96- 4.88 (m, IH), 4.30-4.15 (m, 4H), 3.89 (s, 3H), 3.86- 3.76 (m, 4H), 3.70- 3.59 (m, 
4H), 3.56- 3.40 (m, 2H), 3.34 (d, /= 15 Hz, IH), 3.13 (d, J= 13.5 Hz, IH), 3.06- 2.93 (m, 
2H), 2.92- 2.80 (m, 2H), 2.69- 2.43 (m. 3H), 2.03- 1.86 (m, IH), 1.64- 1.48 (m, IH), 1.53 and 
1.40 (d, 7= 6.3 Hz, /= 6.6 Hz, 3H), 1.45- 1.35 (m, IH), 1.27 and 1.23 (t, /= 6.9 Hz, /= 7.2 
Hz, 3H), 0.90 (t, 7= 6.9 Hz, 6H). ^'P NMR (CD3CN) 8 24.47, 22.86. ESI (M+ H)* 876.4. 
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O 




ZY-1751-125 



2- { [2-(4- { 2-(Hexahydro-furo[23-b]furan-3-yloxycarbonylainino>3-^^ 
methoxy-benzehesalfonyl>aimno]--butyl } -beiizylaiiimo)<ethyl]-phenoxy-phosphm0yloxy } - 
5 propionic acid ethyl ester (IMF-1912-68): 

A solution of MF-1912-67 (0.466 g, 0.789 mmol) and ZY-1751-125 (0.320 g, 0.789 
mmol of a 1:1 nuxture of two diastereomers at the phosphorous cent^) were dissolved in 3.1 
mL of (CFLzChh. to provide a clear solution. Addition of MgS04 (20 mg) to the solution 
resulted in a white cloudy mixture. The solution was stirred at ambient temperature for 3 

10 hours when acetic acid (0.181 mL, 3.16 nmiol) and sodium cyanoborohydride (99 mg, 1.58 
mmol) were added. Following the reaction progress by TLC showed conq)lete consumption 
of the aldehyde starting materials in 1.5 hour. The reaction mixture was worked up by 
addition of 50 mL of saturated aqueous NaHCOs and 200 mL of CH2CI2- The aqueous layer 
was extracted with CH2CI2 two more times (2 x 200 mL). The combined organic extracts 

15 were dried in vacuo and purified by column chromatography (EtOAc- 10% MeOH: EtOAc) 
to provide the desired product as a foam. The early eluting compound from the column was 
coUected and characterized to be MF-1912-48b alcohol (190 mg, 41%). Addition of TFA (3 
x 1 mL) generated the TFA salt which was lyopholized from 50 mL of a 1:1 CH3CN: H2O to 
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5 



10 



provide 0.389 g (48%) of the jnoduct as a white powdeat. 'H NMR (CD3CN) S 8.39 (br s, 
2H), 7.79 (d, J= 8.7 Hz, 2H), 7.40 (d, J= 7.5 Hz, 2H), 7.34 (d, /= 8.1 Hz, 2H), 7.26-7.16 (m, 
2H), 7.10 (d, 9 Hz, 3H), 7.01- 6.92 (m, IH), 5.78 (d, /= 9.0 Hz, IH), 5.55 (d, /= 5.1 Hz, 
IH), 5.25-5.03 (m. IH), 4.95- 4.88 (m, IH), 4.30- 4.17 (m, 4H),4.16- 4.07 (m, 2H), 3.90 (s, 
3H), 3.88-3.73 (m. 4H), 3.72- 3.60 (m, 2H), 3.57- 338 (m, 2H), 3.32 (br d, 7= 15.3 Hz, IH), 
3.13 (to d, y= 14.7 Hz, IH), 3.05- 2.92 (m, 2H), 2.92- 2.78 (m, 2H), 2.68- 2.48 (m, 3H), 2.03- 
1.90 (m, IH), 1.62- 1.51 (m, IH), 1.57 and 1.46 (d, J= 6.9 Hz, 7= 6.9 Hz, 311), 1.36- 1.50 (m, 
IH), 1.43- 1.35 (m, 4H), 1.33- 1.22 (m, 3H), 0.91 (t, /= 6.6 Hz, 6H). ^^P NMR (CD3CN) 5 
25.27, 23.56. ESI (M+ H)* 920.5. 
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Scheme 2 
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Exainplp. 1 

Mono-Ethyl mono-lactate 3: To a solution of 1 (96mg, 0.137 mmol) and ethyl lactate 2 (0.31 
mL, 2.7 mmol) in pyridine (2 mL) was added N, N-dicyclohexylcarbodiimide (170 mg, 0.822 
nmiol)- The solution was stirred for 18h at 70'*C. The mixture was cooled to room 
temperature and diluted with dichloromethane. The soHd was removed by filtration and the 
filtrate was concentrated. The residue was suspended in diethyl ether/dichloromethane and 
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filtered again. The filtrate was concentrated and mixture was chromatographed on silica gel 
eluting with EtOAc/hexane to provide conipound 3 (43 mg, 40%) as a foam: NMR 
(CDQs) 5 7.71 (d, 2H), 7.00 (d, 2H); 7.00 (d, 2H), 6.88 (d, 2H), 5.67 (d. IH), 4.93-5.07 (m, 
2H), 4.15-4.39 (m, 6H), 3.70-3.99 (m, lOH), 2.76-3.13 (m, 7H), 1.55-1.85 (m, 9H), 1.23-1.41 
(m, 6H), 0.90 (dd, 6H); ^^P NMR (CDCfe) 5 19.1, 20.2; MS (ESI) 823 (M+Na). 

Exanyle2 

Bis-2,2,2-trifluoroethyl phosphonate 6: To a solution of 4 (154mg, 0.228 mxDoJ) and 222,- 
trifluoroethanol 5 (1 mL, 13.7 mmol) in pyridine (3 mL) was added N, N- 
dicyclohexylcarbodiimide (283 mg, 1.37 mmol). The sohition was stirred for 6.5h at 70°C. 
The mixture was cooled to room temperature and diluted with dichloromethane. The solid 
was removed by filtration and the filtrate was concentrated. The residue was suspended in 
dichloromethane and filtered again. The filtrate was concentrated and mixtm-e was 
chromatographed on silica gel eluting with EtOAc/hexane to provide con5)Ound 6 (133 mg, 
70%) as a foam: NMR (CDQa) 5 7.71 (d, 2H), 7.21 (d, 2H); 7.00 (d, 2H), 6.88 (dd, 2H), 
5.66 (d, IH), 4.94-5.10 (m, 3H), 4.39-4.56 (m, 6H), 3.71-4.00 (m, lOH), 2.77-3.18 (m, 7H), 
1.67-1.83(m, 2H), 0.91 (dd, 4H); ^^P NMR (CDCfe) 5 22.2; MS (ESI) 859 (M+Na). 

Example 3 

Mono-2,2,2-trifluoroethyl phosphonate 7: To a solution of 6 (930mg, 1.11 mmol) in THF (14 
mL) and water (10 mL) was added an aqueous solution of NaOH in water (IN, 2.2 mL). The 
solution was stirred for Ih at 0°C. An excess amount of Dowex resin (ft) was added to untQ 
pH=l. The mixture was filtered and the filtrate was concentrated under reduced pressure. 
The concentrated solution was azeotroped with EtOAc/tohiene three times and the white 
powdar was dried in vacuo provide confound 7 (830 mg, 100%). NMR (CDCk) 5 7.71 
(d, 2H), 7.11 (d, 2H); 6.99 (4 2H), 6.85 (d, 2H), 5.63 (d, IH), 5.26 (m, IH), 5.02 (m, IH), 
4.40 (m, IH), 4.14 (m, 4H), 3.60-3.95 (m, 12H), 2.62-3.15 (m, 15H), 1.45-1.84 (m, 3H), 1.29 
(m, 4H), 0.89 (d, 6H); ^^P NMR (CDCh) S 19.9; MS (ESI) 723 (M+Na). 

Example 4 

Mono-2,2,2-trifhioroethyl mono-lactate 8: To a solution of 7 (754nig, 1 mmol) and N, N- 
dicyclohexylcarbodiimide (1.237 g, 6 mmol) in pyridine (10 mL) was added ethyl lactate 
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(2.26 mL, 20 nmool). The solution was stirred for 4.5h at 70°C The mixture was 
concentrated and the residue was suspended in diethyl ether (5 naL) and dichloromethane (5 
inL) and filtered. The solid was washed a few times with diethyl ether. The combined 
filtrate was concentrated and the crude product was chromatographed on silica gel, eluting 
with EtOAc and hexane to provide compound 8 (610 mg, 71%) as a foam. NMR (CDCk) 
5 7.71 (d, 2H), 7.16 (d, 2H); 6.99 (d, 2H), 6.88 (dd, 2H), 5.66 (d, IH). 4.95-5.09 (m, 2H), 
4.19-4.65 (m, 6H), 3.71-4.00 (m, 9H). 2.76-3.13 (m, 6H), 1.57-1.85 (m, 7H), 1.24-1.34 (m, 
4H), 0.91 (dd, 6H); ^^P NMR (CDCI3) 6 20.29, 21.58; MS (ESI) 855 (M+1). 

Kxamplft 1 

Boc-protected hydroxylaxnine 1: A solution of diethyl hydroxymethyl pbosphonate triflate 
(0.582 g, 1.94 mmol) in dichloromethane (19.4 mL) was treated with triethylamine (0.541 
mL, 3.88 mmol). Tert-butyl N-hydroxy-catbamatc (0.284 g, 2.13 mmol) was added and the 
reaction mixture was stirred at room teiiq)erature overnight. The mixture was partitioned 
between dichloromethane and water. The organic phase was washed with saturated NaQ, 
dried (MgS04) and evaporated under reduced pressure. The crude product was purified by 
chromatography on silica gel (1/1 - ethyl acetate/hexane) affording the BOC-protected 
hydroxylamine 1 (0.41 g, 75%) as an oil: NMR (CDCh) 8 7.83 (s, IH), 4.21 (d. 2H), 4.18 
(q, 4H), 1.47 (s, 9H), 1.36 (t, 6H); ^^P NMR (CDCI3) S 19.3. 

Example 2 

Hydroxylamine 2: A sohition of BOC-protected hydroxylamine 1 (0.305 g, 1.08 nHnoT) in 
dichloromethane (2.40 mL) was treated with trifluoroacetic acid (0.829 mL, 10.8 mmol). The 
reaction was stirred for 1.5 hours at room temperature and then the volatiles were evaporated 
under reduced pressure with toluene to afford the hydroxylamine 2 (0.318 g, 100%) as the 
TFA salt which was used directly without any further purification: NMR (CDCI3) 5 10.87 
(s, 2H), 4.45 (d, 2H), 4.24 (q, 4H). 1.38 (t, 6H); ^^P NMR (CDCI3) 5 16.9; MS (JEST) 184 
(M+H). 

Hxamplft % 

Oxime 4: To a sohition of aldehyde 3 (96 mg, 0.163 mmol) in 1,2-dichloroethane (0.65 mL) 
was added hydroxylamine 2 (72.5 mg, 0.244 mmol), triethylamine (22.7 nL, 0.163 mmol) 
and MgS04 (10 mg). The reaction mixture was stirred at room tenqperature for 2 hours then 
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the mixture was partitiooed between dichlorometbaDe and water. The organic phase was 
washed with saturated NaCl, dried (MgSQ*) and evaporated under reduced laessure. The 
crude product was purified by chromatography on silica gel (90/10 - ethyl acetate/hexane) 
affording, GS-277771, oxime 4 (0.104 g, 85%) as a soMd: *H NMR (CDCI3) 6 8.13 (s, IH). 
7.72 (d, 2H), 7.51 (d, 2H), 7.27 (d, 2H), 7.00 (d, 2H), 5.67 (d, IH), 5.02 (m, 2H), 4.54 (d, 
2H), 4.21 (m. 4H), 3.92 (m, IH), 3.89 (s, 3H), 3.88 (m, IH), 3.97-3.71 (m. 2H), 3.85-3.70 (m. 
2H), 3.16-Z99 (m, 2H), 3.16-2.81 (m, 7H), 1.84 (m, IH), 1.64-1.48 (m, 2H), 1.37 (t, 6H), 
0.94-0.90 (dd, 6H); ^'P NMR (CDQs) 5 20.0; MS (ESI) 756 (M+H). 
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Example 1 

Coiiq)ound 1 was prepared according to methods from previous Schemes 
Example 2 

Compound 2: To a solution of conopound 1 (5.50 g, 7.30 mmol), Benzotriazol-1- 
yloxytripyrrolidinophosphonium hexafhiorophosphate (5.70g, 10.95 mmol), and Ethyl(S> 
(-)lactate (1.30 g, 10.95 mmol) in DMF (50 mL) was added Diisopropylethylamine(5.08 mL, 
29.2 mmol). The mixture was stirred for 7 hours after which was diluted in EtOAc. The 
organic phase was washed with H2O (5X), brine, dried over MgS04 and concentrated in 
vacuo. The residue was purified by silica gel chromatography (CH2Cl2/IsopropaDol= 100/4) 
to give 3.45 g of compound 2. 

Example 3 

Compound 3: To the mixture of con5>ound 2 (3.45 g) in EtOH/EtOAc (300 mL/100 mL) was 
added 20% Pd/C(0.700 g). The mfacture was hydrogenated for 1 hour. Celite was added and 
the mixture was stirred for 10 minutes. The mixture was filtered through a pad of celite and 
washed with ethanoL Concentration gave 2.61 g of conopound 3. 

Example 4 

Coirpound 4: To a solution of conq)ound 3 (1.00 g, 1.29 mmol) in dry dimethylformamide 
(5 mL) was added 3-Hydroxy-benzoic acid benzyl ester (0.589 g, 2.58 mmol), Benzotriazol- 
l-yloxytripyrrolidinophosphonium hexafluorophosphate (1.34 g, 2.58 mmol), followed by 
addition of Diisopropylethylamine (900 jjL, 5.16 mmol). The mixture was stirred for 14 
hours, the resulting residue was diluted in EtOAc, washed with brine (3x) and dried over 
sodium sulfate, filtered, and concentrated under reduced pressure. The residue was purified 
by silica gel chromatogr^hy (CH2Cl2/Isopropanol= 100/3) to provide 67.3 mg of conQiound 
4: NMR (CDQa) 5 7.91 (2H,d, J=8.9 Hz), 7.75 (2H, m), 7.73-7.3 (13H,m), 7.25 (2H, m), 
7.21-6.7(6H, m), 5.87(1H, m), 5.4-4.8(6H, m), 4.78-4.21 (4H, m), 3.98 (3H,s), 2.1-1.75 {8H, 
m), 1.55 (3H, m), 1.28(3H, m), 0.99(6H, m). 

Example 5 

Compound 5: To a solution of con5)ound 3 (1.40 g, 1.81 mmol) in dry dimethylformamide 
(5 mL) was added (4-Hydroxy-benzyl)-carbamic acid tert-butyl ester (0.80 g, 3.62 mmol), 
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BeDzotriazol-l-yloxytrip)^olidinopbospbomumI^^ (1.74 g, 3.62 mmol), 

foDpwed by addition of Diisopropylethylamine (1.17 ml, 7.24 mmol). The mixture was 
stirred for 14 bours, tbe resulting residue was diluted in EtOAc, wasbed witb brine (3x) and 
dried over sodium sulfate, filtered, and concentrated under reduced pressure. Tbe residue 
was purified by silica gel cbromatography (CH2Cl2/Isopropanol= 100/3.5) to provide 770 mg 
of compound 5: NMR (CDCls) 5 7.8(2H, d, J=8.9HzX 7.4 (2H, m), 7.3-6.8 (8H, m), 5.75 
(IH, m), 5.3-5.1(2H, m), 4.6-4.23 (4H,m), 3.98 (3H, s), 3.7-2.6 (15H, m), 2.2-1.8 (12H, m), 
1.72 (3H, s), L58(3H, m), 1.25 (3H, m), 0.95 (6H, m). 

Example 6 

Con^und 6: To a solution of compound 3 (1.00 g, 1.29 mmol) in dry dimethylformamide 
(6 mL) was added 3-Hydroxybenzaldehyde (0.320 g, 2.60 mmol), Benzotriazol-1- 
yloxytripyrrolidinophospbonium bexafluorophospbate (1.35 g, 2.60 mmol), followed by 
addition of Diisopropylethylamine (901 jiL, 5.16 mmol). The mixture was stirred for 14 
bours, tbe resulting residue was diluted in EtOAc, washed with brine (3x) and dried over 
sodium sulfate, filtered, and concentrated imder reduced pressure. Tbe residue was purified 
by silica gel chromatography (CH2a2/Isopropanol= 100/5) to provide 880 mg of coinpound 
6. 

Exanyle 7 

Con^und 7: To a solution of confound 3 (150 mg, 0.190 mmol) in dry 
dinoetbylformamide (1 naL) was added 2-Etboxy-phenol (48.0 ^L, 0.380 mmol), 
BenzotriazoH-yloxytripyrrolidiuophosphonium bexafluorophospbate (198 mg, 0.380 mmol), 
followed by addition of Diisopropylethylamine (132 fiL, 0.760 mmol). tbe mixture was 
stirred for 14 bours, the resulting residue was diluted in EtOAc, washed witb brine (3x) and 
dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue 
was purified by silica gel chromatography (CH2a2/Isopropanol= 100/4) to provide 84.7 mg 
of con?)Ound 7: NMR (CDQa) 6 7.73 (2H, d, J=8.9 Hz), 7.15 (2H, m), 7.01-6.9 (8H, m), 
5.66 (IH, m), 5.22-5.04 (2H, m), 4.56- 4.2 (6H, m), 4.08 (2H, m), 3.89 (3H, m), 3.85-3.69 
(6H, m), 3.17-2.98 (7H, m), 2.80(3H, m) 1.86 (IH, m),1.65(2H, m), , 1.62-1.22 (6H, m). 
0.92(6H, m). 



Example 8 
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Coinpoiind 8: To a solution of compound 3 (50.0 mg, 0.0650 mmo]) in dry 
dimetbylfonnamide (1 mL) was added 2-(l-methyIbutyl) phenol (21.2 mg, 0.130 mmol), 
Benzotriazol-l-yloxytiipyrrolidinophosphonium hexafluorophospbate (67.1 mg, 0.130 
mmol), followed by addition of Diisopropylethylamine (45.0 fiL, 0.260 mmoQ. The mixture 
5 was stinred for 14 hours, the resulting residue was diluted in EtOAc, wa^ed with brine (3x) 
and dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue 
was purified by reversed phase HPLC to provide 8.20 mg of compound 8: NMR (CDCk) 
5 7.73 (2H, d, J=8.9 Hz), 7.25 (2H, m), 7.21-6.89 (8H, m), 5.7(1H, m), 5.29-4.9 (2H, m), 
4.56- 4.2 (6H, m), 3.89 (3H, m), 3.85-3.69 (6H, m), 3.17-2.89 (8H, m), 2.85(3H, m), 2.3- 
10 1.65(4H, m), 1.55-1.35 (6H, m), 0.92(6H, m). 



Example 9 

Conipound 9: To a solution of conqpound 3 (50.0 mg, 0.0650 mmol) iu dry 
dimetbylfonnamide (1 mL) was added) 4-N-Butylphenol (19.4 mg, 0.130 nmaol), 

15 BenzotriazoH-yloxytripyrrolidiDophosphonium hexafluorophospbate (67. 1 mg, 0. 130 

mmol), followed by addition (45.0 nL, 0.260 mmol) of Diisopropylethylamine. The mixture 
was stirred for 14 hours, the resulting residue was diluted in EtOAc, washed with brine (3x) 
and dried over sodium sulfate, fiiltered, and concentrated under reduced pressure. The residue 
was purified by reversed phase HPLC to provide 9.61 mg of compound 9: NMR (CDQs) 

20 5 7.8(2H, d, J=8.9 Hz), 7.4 (2H, m), 7.3-6.8 (8H, m), 5.75 (IH, m), 5.3-4.5 (4H, m), 4.3- 
3.4.1 (4H, m), 3.9 (3H, m), 3.3-2.59 (IIH, m), 2.25 (2H, m), 1.85-1.5 (5H, m), 1.4-1.1(10H, 
m), 0,95(9H, m). 



Rxamplft 10 

25 Compound 10: To a sohition of conq>ound 3 (50.0 mg, 0.0650 mmol) in dry 

dimetbylfonnamide (1 mL) was added 4-Octylphenol (26.6 mg, 0.130 mmol), Benzotriazol- 
l-yloxytrq>yrrolidinophosphonium hexaQuorophosphate (67.1 mg, 0.130 mmol), followed by 
addition of Diisopropylethylamine (45.0 |yiL, 0.260 mmol). The mixture was stirred for 14 
hours, the resulting residue was diluted in EtOAc, washed with brine (3x) and dried over 

30 sodium sulfate, filtered, and concentrated under reduced pressure. Hie residue was purified 
by reversed phase HPLC to provide 7.70 mg of compound 10: 'H NMR (CDOa) 5 7.75 (2H. 
d, J=8.9 Hz), 7.3 (2H, m), 7.2-6.8 (8H, m), 5.70 (IH. m), 5.3-4.9 (4H, m), 4.6- 3.9 (4H, m). 
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3.89 (3Ii m), 3.85-2.59 (12H, m), 2.18-1.75 (lOH, m), 1.69-1.50 (8H, m), 1.4-1.27(6H,m), 
0.95(9H, m). 

Ryamplft H 

Coii5)oimd 11: To a solution of compoiind 3 (100 mg, 0.120 mmol) in dry 
dimethylformamide (1 mL) was added Isopropanol (20.0 pL, 0.240 nunol), Benzotiiazol-1- 
yloxytjdpyrrolidinophosphonium hexafluorophosphate (135 mg, 0.240 mmol), followed by 
addition of Diisopropylethylamine (83.0 pL, 0.480 mwol). The mixture was stirred for 14 
hours, the resulting residue was diluted in EtOAc, washed with brine (3x) and dried ov^ 
sodium sulfate, filtered, and concentrated under reduced pressure. The residue was purified 
by silica gel chromatography (CH2a2/rsopropanol= 100/4) to provide 12.2 mg of compound 
11: NMR (CDCb) 6 7.71 (2H, d, J=8.9 Hz), 7.15 (2H, m), 7.0 (2H, m), 6.89 (2H, m), 
5.65 (IH, m), 5.03-4.86(4H, m), 4.34-4.19 (3H, m), 3.89 (3H, s), 3.88 (IH, m), 3.82 (2H, m), 
3.65 (4H, m), 3.2-2.9 (IIH, m), 2.80(3H, m) 1.65(2H, m), 1.86 (IH, m), 1.6(3H, m), 
1.30(3H,m), 0.92(6H, m). 

Example 12 

Compound 12: To a solution of con5)ound 3 (100 mg, 0.120 mmol) in dry 
dimethylformamide (ImL) was added 4-Hyrdro:qr.l-methylpiperidine (30.0 mg, 0.240 
mmol), Benrotriazol-l-yloxytripyn'oKdinophosphonium hexafluorophosphate (135 mg, 0.240 
mmol), followed by addition of Diisopropylethylamine (83.0 fjL, 0.480 mmol). The mixture 
was stirred for 14 hours, the resulting residue was diluted in EtOAc, washed with brine (3x) 
and dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue 
was purified by reversed phase HPLC to provide 50.1 mg of compound 12: NMR 
(GDQs) 5 7.73 (2H, d, J=8.9 Hz), 7.18 (2H, m), 7.0 (2H, m), 6.9 (2H, m), 5.67 (IH, m), 5.2- 
4.9 (4H, m), 4.30-4.11 (4H, m), 3.98 (IH, m), 3.89 (3H, s), 3.87 (IH, m), 3.75 (2H, m), 3.5- 
3.3 (4H, m), 3.2-2.9 (14H, m), 2.80(3H, m) 1.65(2H, m), 1.86 (IH, m), 1.6(3H, m), 
L30(3H,m), 0.92(6H, m). 
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Example 13 

Con^und 13: To a solution of compound 4 (4.9 g) ) in EtOAc (15Qml) was added 20% Pd/C 
(0.90 g),the reaction mixture was hydrogenated for 1 hour. Celite was added and the mixture 
was stirred for 10 minutes. The mixture was filtered through a pad of celite and washed with 
10 ethanoL Concentration gave 4.1 g of conq)Ound 13: NMR (CDQa) 5 7.91 (2H,d, J=8.9 Hz), 
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ins (2H. m), 7.73-7.3 (8H, m), 7.25 (2H, m). 7.21-6.7(6H, m), 5.44.8(6H, m), 4.78-4.21 (4H, 
m), 3.98 (3H,s), 2.M.75 (8H, m). 1.55 (3H. m), 1.28(3H, m), 0.99(6H, m). 

Example 14 

5 Con[5)ound 14: To a solution of conopound 5 (0.770 g, 0.790 mmol) in dichloromethane (10 
mL), under ice-cooling, was added triflouroacetic acid (5 mL), the resulting mixture was 
stirred at 25X for two hours. The reaction mixture was concentrated under reduced pressure 
and the residue was co-evaporated with EtOAc to provide an yellow oiL To a sohition of the 
above oil in (10 mL) of EtOAc, under ice-cooling and stirring was added formaldehyde (210 

10 hL, 2.86 mmol), acetic acid (252 pL, 430 mmo^, followed by sodium cyanoborohydridc 
(178 mg, 2.86 mmol). The mixture was further stirred at 25°C for 2 hours. The above 
mixture was concentrated and diluted with EtOAc and washed with H2O (3X), brine, dried 
over sodium sulfate, filt^ed, and concentrated under reduced pressure. The residue was 
purified using reversed-phase HPLC to provide 420 mg of conq)ound 14: NMR (CDQs) 

15 5 7.8(2H. d. J=8.9Hz), 7.4 (2H. m), 7.3-6.8 (8H. m). 5.75 (IH, m), 5.3-5. 1(2H. m), 4.6-4.23 
(4H4II). 3.98 (3H, s). 3.7-2.6 (15H, m), 2.2-1.8 (8H, m), 1.72 (3H, s), 1.58(3H, m), 1.25 (3H. 
m), 0.95 (6H, m). 

Rxantplft 1 S 

20 Confound 15: To a sohtioii of coiqwvmd 6 (lOQmg, 0. 1 14 mnioiO in EtOAc (1 mL) was 

added l-Methyl-piperazine (63.2 mg, 0.570 mmol), acetic acid (34.0 pJ, 0.570 mmol) followed 
by Sodium Cyanoborohydride (14.3 mg, 0.228mnK)l). The mixture was stirred at 25°C for 14 
hours. The reaction mixture was concentrated and diluted with EtOAc and washed with HjO 
(5X), brine (2x), dried ovor sodium sulfate, filtered, and concentrated under reduced pressure: 

25 The residue was purified using silica gel chronatography (CH2a2/Isopropaaiot= 100/6.5) to 
give 5.22 mg of compound 15: *H NMR (CDQa) 6 7.73 (2H, d, J=8.9 Hz), 7.4-7. 18(8H, m), 
7.1-6.89 (2H, m), 5.67 (IH, m), 5.2-4.9 (4H, m), 4.30^.11 (4H, m). 3.98 (IH, m), 3.89 (3H, s), 
3.87 (IH, m), 3.75 (2H, m), 3.5-3.3 (4H, m), 3.2-2.9 (lOH, m), 2.80-2.25 (8H,m) 1.65(2H, m), 
1.86 (IH, m), 1.6(3H, m), 1.30(3H,m), 0.92(6H, m). 
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Scheme 5 . 
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Example 16 

Compound 16: To a solution of conqwond 3 (lOOmg, 0.120 mmol) in Pyridine (600 pL) was 
added Piperidin-l-ol (48.5 nag, 0.480 mmol), followed by N»N-Dicyclohexylcarbodiin)ide 
(99.0 mg, 0.480 mmol). The mixture was stirred for 6 hours, the solvent was concentrated 
under reduced pressiire. The resulting residue was purified by silica gel chromatography 
(CH2Cl2/MethanoI= 100/5) to provide 17 mg of compound 16: NMR {CDCh) 5 7.73 (2H, 
d, J=8.9 Hz), 7.16 (2H. m), 7.0 (2H, m). 6.9 (2H, m), 5.68 (IH, m), 5.17 (IH, m), 5.04 (IH, 
m), 4.5^.2 (4H. m), 3.90 (3H, s), 3.75 (2H, m), 3.5-3.3 (4H, m), 3.2-2.9 (lOH, m), 2.80(3H. 
m) 1.65(2H, m), 1.86 (IH. m), 1.6(3H, m), 1.5-1.27 (9H4n), 0.92(6H, m). 
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Example 17 

Compound 18: To a solution of compound 17 (148 mg» 0.240 nunol) in 4 mL of Methanol 
was added (l,23>4-Tetrahydro-isoquinolin-6-ylmethy])-phosphonic acid diethyl ester (70.0 
mg, 0.240 mwolX acetic acid (43.0 jiL, 0.720 mmol). The reaction mixture was stirred for 3 
minutes, followed by addition of Sodium Cyanoborohydride (75.3 mg, 1.20 mmol). The 
reaction mixture was stirred at 25°C for 14 hours. The reaction mixture was diluted with 
EtOAc and washed with H2O (3X), brine, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure. The residue was purified using silica gel 
chromatography (CHaCla/Isopropanols 100/5) to give 59 mg of TES* protected intermediate. 
83 of 48% HF solution was added to acetonitrile (4 mL) to prepare the 2% HF solution. 
The above 2% HF solution was added to TES protected intermediate (47 mg, 0.053 mmol) 
and the reaction mixture was stirred for 2 hours. The solvent was concentrated and the* 
residue was diluted with EtOAc, dried over sodium sulfate, filtered, and concentrated mder 
reduced pressure. The residue was purified using silica gel chromatography 
(CH2a2/Methanol= 100/10) to give 35.2 mg of compound 18: NMR (CDQs) 8 7.73 (2H, 
d, J=8.9 Hz), 7.05 (2H, m), 6.89 (2H, m), 6.76 (IH, m), 5.75 (IH, m), 5.67 (IH, m), 5.3 (2H, 
m), 4.2-3.6 (12 H, m), 3.4-2.4 (11 H, m), 2.H.8 (6H, m), 1.4-1.28 ( 8 H, m), 0.92(6H, m). 
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Scheme? 
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I. lsopropanol/Benzotriazol-1 -yloxytripyrrolidinophosphonium 
hexafluorophosphate/ DIPEA/DMF; 

II. H2/10%Pcl-C/EtOAc-EtOH; 

III. RNHa/Aldrithiol-a/PPha/iPraNEt/pyridlne 



Con^und 19 is prepared foUowing the procedure for conq)ound 2 by using monoacid 1. 
Conq>ound 20 is made following a hydrogenation of confound 19. Mono acid 20 reacts with 
corresponding anoino esters in the presence of Aldrithiol-2 and triphenylphosphine to foim 
con^jound 21. 
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ScfacaneS 



CbzHrsk^^^Ph 
22 



23 O 



AcOH-H2N.^^^Ph 







CHO 



25 



26 R = Me, Pr, i-Pr 




I. a. SOCI2/6O C; b. AlkyI (sHactate/EtsN; II. H2/1 0%Pd-C/EtOAc-HOAc; 
III. a. compound 25/MgS04;b. HOAc/NaBHaCN 

Monoacid 22 is treated with thionyl chloride at 60^C to fonn monochloridate, which reacts 
with corresponding alkyl (s)lactate to generate monolactate 23. Monolactate 23 is 
hydrogenated with 10%Pd-C in the presence of acetic acid to form amine 24. Aldehyde 25 
reacts with amine 24 in the presence of MgS04 to form the intermediate imine, which is 
reduced with sodium cyanoborohydride to altford compound 26. 
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Reagents and conditions: i. CbzCI, NaOH, tol/HaO, 100%; ii. a. SOCI2, DMF, tol, 65°C; 
b. PhOH, EtgN, CHaag, 71%; Hi. aq. NaOH, CH3CN, 79%; iv. a. SOCI2. DMF. tol' 65»C; 
b. ethyl lactate, EtsN, CH2CI2, (5) 85%; 2-hydroxy butyric acid ethyl ester, EtaN, CH2CI2, 
(6) 75%; V. H2. AcOH, 10% Pd/C, EtOH, 94%; vi. a. 7 + 8, 1,2-DOE, MgS04; 
b. NaBHsCN, AcOH, 50%; vH. pig Iwer esterase, 20% DMSO/PBS, 40''C, 25%. 
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Example 1 

Compound 2: A 3L, 3-neck flask was equipped with a mechanical stinei and addition funnel 
and charged with 2-aminoethyl phosphonic acid (60.0g, 480 mwoJ). 2N Sodium hydroxide 
(480 mL, 960 mmol) was added and flask cooled to 0°C Baizyl chlorofoimate (102.4 g, 600 
mnol) in toluene (160mL) was added dropwise with vigorous stirring. The reaction mixture 
was stirred at 0°C for 30 minutes, then at room tenq)erature for 4 h. 2N sodium hydroxide 
(240 mL, 480 mmol) was added, foUowed by benzyl chtoroformate (20.5 g, 120 mmo?) and 
the reaction mixture was vigorously stirred for 12 h. The reaction mixture was washed with 
diethyl ether (3x). The aqueous layer was acidified to pH 2 with concentrated HQ to give a 
white precq)itate. Ethyl acetate was added to the mixture and concentrated HQ (80 mL, 960 
lol) was added. The aqueous layer was extracted with ethyl acetate and combined organic 
layer was dried (MgS04) and concentrated to give a waxy, white soM (124 g, 479 mmol, 
100%). NMR (300 MHz, CD3OD): 8 7.45-7.30 (m. 5 H, Ar), 5.06 (d, / = 14.7 Hz, 2 H. 
CffzPh), 3.44-3.31 (m, 2 H, NCH2CH2), 2.03-1.91 (m, 2 H, CHzCffzP); ''P NMR (121 MHz, 
CD3OD): 5 26.3. 



Hill 



Example 2 

Con5)ound 3: To a mixture of compound 2 (50.0 g. 193 mmol) in totaene (LO L) was added 
DMF (1 .0 mL) followed by thionyl chloride (56 mL, 768 mmol). The reaction mixture was 
heated at 65°C for 3-4 h under a stream of argon. The reaction mixture was cooled to room 
temperature and concentrated. Residual solvent was removed under high vacuum for 1 h. 
The residue was dissolved in CH2CI2 (1.0 L) and cooled to 0°C. Triethylamine (161 mL, 
1 158 mmol) was added, foDowed by phenol (54.5 g. 579 mmol). The reaction mixture was' 
warmed to room ten5)erature overnight, then washed witii l.ON HO, saturated NaHCQj 
sohition, brine and dried (MgS04). Concentrated and purified (silica gel, 1:1 EtOAc/Hex) to 
give a pale yeUow solid (56 g. 136 mmol, 71%). 'h NMR (300 MHz, CDCk): 5 7.40-7.10 
(m. 15 H. Ar). 5.53 (br s, 1 H. NH). 5.11 (hr s, 2 H, CffaPh), 3.72-3.60 (m. 2 H, NC/fjCHz). 
2.49-2.30 (m. 2 H, CHzCffzP); ^'P NMR (121 MHz, CDCfe): 5 22.9. 

Examplft ^ 
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Compound 4: To a soMon of compound 3 (64 g, 155.6 mmol) in acetonitrile (500 mL) at 
0">C was added 2.0M sodium hydroxide. The reaction mixture was stirred at O^C for 30 min, 
then at room temperature for 2.5 h. The reaction mixture was concentrated.to 100 mL and 
diluted with H2O (500 mL). The aqueous solution was washed with EtOAc (3 x 300 mL). 
The aqueous layer was acidified to pH 1 with concentrated HO, producing a white 
precq)itated. The mixture was extracted with EtOAc (4 x 300 mL) and combined organic 
layer was washed with hrine and dried (MgSO^). Concentration gave a solid, which was 
recrystallized ftom hot EtOAc (450 mL) to give a white solid (41.04 g, 122 mmol. 79%). 
NMR (300 MHz. CD3OD): 5 7.45-7.10 (m. 10 H, Ar). 5.09 (s. 2 H. C%Ph), 3.53-3.30 (m, 2 
H. NCH2CH2). 2.25-2.10 (m. 2 H. CHaCffaP); ''P NMR (121 MHz, CD3OD): 5 24 5 



15 



20 



25 



30 



Example 4 

Compomid 5: To a mixture of compound 4 (28 g, 83 mmol) in tohiene (500 mL) was added 
DMF (1.0 mL). foDowed by thionyl chloride (36.4 mL. 499 mmol). The mixture was heated 
at 65°C for 2 h providing a pale yeflow solution. The reaction mixture was concentrated and 
dried for 45 min under high vacuum. The residue was dissolved in anhydrous CH2CI2 (350 
mL) and cooled to 0°C. Triethylamine (45.3 mL, 332 mmol) was added slowly, followed by 
the diopwise addition of ethyl lactate (18.8 mL. 166 mmol). The reaction mixture was stirred 
at O^C for 30 min, then warmed to room temperatme overnight. The reaction mixture was 
diluted with CH2CI2 and washed with 1 N HCI. saturated NaHCOj solution, hrine and dried 
(MgS04). Concentration and purification (silica gel. 1:5 to 1 :0 aOAc/Hex) gave a pale 
yeUow ofl (30.7 g, 71 mmol, 85%) as a mixture of diastereomers which w^e sq>arated by 
HPLC (Dynamax reverse phase C-18 column, 60% acetonitrile/HzO). More polar 
diastereomer: NMR (300 MHz. CDCI3): 6 7.40-7.10 (m, 10 H. Ar). 5.65 (s, 1 H. Nfl). 
5.12 (s. 2 H. CffjPh). 5.10-5.iD0 (m. 1 H. OCHQ 4.17 (q, /= 6.9 Hz. 2 H. OCffzCHa). 3.62 
(dt. /i = 20.4 Hz. /2 = 6.0 Hz. 2 H. NCff2CH2). 2.25 (dt. 7i = 1 8.0 Hz, = 6.0 Hz, 2 
CH2af2P). 1.60 (dd, y, = 72= 6.9 Hz, 3 H, CaCHs), 1.23 (t. / = 6.9 Hz. 3 H, OCHzCffa); ^'p 
NMR (121 MHz. CDCb): 5 26.2. Less polar diastereomer: *H NMR (300 MHz. CDCfe): 5 
7.40-7.10 (m. 10 H. Ar), 5.87 (s. 1 H, Nfl). 5.13 (s, 2 H, CHm, 5.10-5.00 (dq. 71=72 = 6.9 
Hz, 1 H. OCHQ 4.22 (q. 7= 7.2 Hz. 2 H. OC^f2CH3). 3.68 (dt. 7, = 21.6 Hz. 72 = 6.9 Hz. 2 
H. Nay2CH2), 2.40-2.20 (m, 2 H, CH2Cff2P), 1.49 (dd, 7, = 70.2 Hz. 72 = 6.9 Hz. 3 H. 
CHCffa). 1.28 (t. 7= 6.9 Hz, 3 H, OCH2Cff3); NMR (121 MHz, CDCI3): 5 28.3. 
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ExajqpleS 

Coin)ouiid 6: 2-Hydroxy-butyric acid ethyl ester was prepared as follows: To a solution of 
L-2-aminobutyric acid (lOOg, 970 mmol) in 1.0 N H2SO4 (2 L) at 0°C was added NaN02 (111 
g, 1610 mmol) in H2O (400 mL) over 2 h. The reaction mixture was stirred at room 
tcnq^erature for 18k Reaction mixture was extracted with EtOAc (4x) and combined organic 
layCT was dried (MgS04) and concentrated to give a yellow solid (41 .5 g). This solid was 
dissolved in absolute ethanol (500 mL) and concentrated HQ (3.27 mL, 39.9 mmoQ was 
added. Reaction mixture was heated to SO'^C After 24 h, concentrated HQ (3 mL) was 
added and reaction continued for 24 h. Reaction mixture was concentrated and product was 
distilled to give a colorless oil (31 g, 235 mmol, 59%). 

To a mixture of con5K)und 4 (0.22 g, 0.63 mmol) in anhydrous acetonitrile (3.0 mL) was 
added thionyl chloride (0.184 mL, 2.52 mmol). The mixture was heated at 65X for 1.5 h 
providing a pale yellow sohition. The reaction mixture was concentrated and dried for 45 
min under high vacuum. The residue was dissolved in anhydrous CH2CI2 (3.3 mL) and 
cooled to O^C. Triethylamine (0.26 mL, 1.89 mmol) was added slowly, foDowed by the 
dropwise addition of 2-hydroxy-butyric acid ethyl ester (0.167 mL, 1.26 mmol). The reaction 
mixture was stirred at OX for 5 min, then wanned to room temperature overnight. The 
reaction mixture was concentrated, dissolved in EtOAc and washed with 1.0 N HQ, saturated 
NaHCOa solution, brine and dried (MgS04). Concentration and purification (silica gel, 3:2 
EtOAc/Hex) gave a pale yellow oil (0.21 g, 0.47 mmol, 75%). For major diastereomer, 
NMR (300 MHz, CDCI3 ): 6 7.35-7.10 (m, 10 H, Ar), 5.91 (s, 1 H, Ni?)), 5.12 (s, 2 H, 
Cff2Ph), 4.94-4.83 (m, 1 H, OCifQ, 4.27-4.12 (m, 2 H, OCffiCHa), 3.80-3.50 (m, 2 H, 
NCf/2CH2), 2.39-2.19 (m, 2 H, CH2CH2P), L82-1.71 (m. 2 H. CHCff2CH3X 130^1.195 (m, 3 

H, 0.81 (t, y = 7.5 Hz, 3 H, CHCH2CH3); ^'P NMR (120 MHz, CDCfe): 5 28.3. 
For mmor diastereomer, ^H NMR (300 MHz, CDQa): 8 7.35-7. 10 (m, 10 H, Ar), 5.74 (s, 1 H, 
Nfl)), 5.11 (s, 2 H, CffzPh), 4.98-4.94 (m, 1 H, OC/fQ, 4.27-4.12 (m, 2 H, OCy^zCHs), 3.80- 
3.50 (m, 2 H, NOfcCHa), 2.39-2.19 (m, 2 H, CH2CH2PX 1.98-1.82 (m, 2 H, CHCH2CH3X 

I. 30-1.195 (m, 3 H, OCHzC^Ta). 1.00 (t, /= 7.5 Hz, 3 H, CHCU2CH3); '^P NMR (121 MHz, 
CDQa): 6 26.2. 

Example 6 
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Compound 7: A mixture of compound 6, (0.53 g, 1.18 mmol) acetic acid (0.135 mL, 2.36 
mmo5 and 10% palladium on activated caibon (0.08 g) in absolute ethanol (12 mL) was 
stirred under a hydrogen atmosptiere (1 atm) for 3 h. Reaction mixture was filtered through 
Celite, concentrated, and resubjected to identical reaction conditions. After 2 h. Celite was 

5 added to the reaction mixture and mixture was stirred for 2 min, then filt»ed through a pad of 
Celite and concentrated. Dried under high vacuum to give the diasttaromeric acetate salt as a 
oil (0.42 g, 1.11 mmol. 94%). NMR (300 IVdHz, CDCI3): 5 7.40-7.10 (m, 5 H. Ar), 5.00- 
4.80 (m, 1 H, OCHQ, 4.28-4.10 (m, 2 H. OC^aCHa), 3.32-3.14 (m, 2 H, NCH2CH2), 2.45- 
2.22 (m. 2 H, CHzCffzP). 1.97 (s, 3 H, Ac), 1.97-1.70 (m, 2 H. CHOJaCHs), 1.30-1.18 (m, 3 

0 H, pCHzCffs), 1 .00 (t. 7 = 7.5 Hz. 1 H, CHCH2C//3), 0.80 (t, 7 = 7.5 Hz, 2 H. CHCHzOfs); 
^'P NMR (121 MHz. GDCfe): 6 27.6 (major, 1 .85), 26.0 (minor, 1.01). 

Exanyle? 

Compound 9: A sohition of aldehyde 8 (0.596 g, 1.01 mmol) and compound 7 (0.42 g, 1.11 
5 mmoO were stirred together in 1,2-dichloroethane (4.0 mL) in the presence of MgS04 for 3 h. 
Acetic add (0.231 mL, 4.04 mmol) and sodium cyanoborohydride (0.127 g. 2.02 mmol) were 
added and reaction mixture was stirred for 50 min at room ten^jwature. Reaction mixture 
was quOTched with saturated NaHCOj solution, diluted with EtOAc, and vigorously stirred 
for 5 min. Biine was added and extracted with EtOAc (2x). Combined organic layesr was 
► dried (MgS04) concentrated and purified (silica gel, EtOAc, then 10% EtOH/EtOAc) to give 
a colorless foam. Acetonitrile (4 mL) and trifluoroacetic acid (0.06 mL) were added and 
concentrated to a volume of 1 mL. H2O (10 mL) was added and lyophilized to give the TEA 
salt as a white powder (0.51 g, 0.508 mmol, 50%). 'H NMR (300 MHz, CD3CN): 8 7.79 (d, 
/ =. 8.4 Hz, 2 H, (S02C(Cfl)2), 7.43-7.20 (m, 9 H, Ar), 7.10 (d, /= 8.4 Hz, 2 H, 
(Ce)2COCH3), 5.85 (d, y = 8.4 Hz. 1 H, NH). 5.55 (d, / = 4.5 Hz, 1 H. OCHO), 5.00-4.75 
(m. 2 H. CH2CffOC(0), POCffC), 4.39-4.05 (m, 2 H, PhCm Oay2CH3), 3.89 (s, 3 H. 
OCHs), 3.88-3.30 (m. 9H), 3.15-2.84 (m. 5 H), 2.65-2.42 (m. 3 H), 2.10-1.68 (m. 5 H), 1.65- 
1.15 (m, 5 H), 1.05-0.79 (m, 9 H); ''P NMR (121 MHz, CD3CN): 5 24.8 (major. 1.85), 23.1 
(minor, 1.01). 



Compound 10: Compound 9 (0.041 g, 0.041 mmol) was dissolved in DMSO (1.9 mL) and to 
this solution was added phosphate buffered saline, pH 7.4 (10 mL) and pig liver esterase 
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(Sigma, 0.2 mL). Reaction mixture was stirred for 24 h at 40°C. After 24 b, additional 
esterase (0.2 mL) was added and reaction was continued for 24 L Reaction mixture was 
concentrated, resuspended in methanol and filtered. Filtrate was concoitrated and purified by 
reverse phase chromatography to give a white powder after lyophilization (8 mg, 0.010 
mmol, 25%). NMR (500 MHz, CD3OD): 8 7.78 (d, / = 8.9 Hz. 2 H, (S02C(Cfl)2), 7.43- 
7.35 (m, 4 H, At), 7. 1 1 (d. y = 8.9 Hz, 2 H, (CHhCOCHs), 5.62 (d. / = 5.2 Hz, 1 H, OCffO), 
4.964.77 (m, 2 H, CHzCHOCiO), POCf/Q, 4.21 (hr s, 2 H, PhCi/2N). 3.97-3.70 (m, 6 H). 
3.90 (s, 3 H, OCH3), 3.50-3.30 (m, 3 H), 3.26-3.02 (m, 2 H), 2.94-2.58 (m, 4 H), 2.09-1.78 
(m, 5 H), 1.63-1.52 (m, 2 H), 1.05-0.97 (m, 3 H); 0.94 (d, /= 6.7 Hz, 3 H), 0.88 (d, /= 6.7 
Hz, 3 H); NMR (121 MHz, CD3OD): 5 20.8. 



Sdieme2 
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II 

P(OBn)2 
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HO 
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OH 
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O^COaEt 




Reagents and conditions: i. ethylene glycol, Mg(OtBu)2, DMF, 48%; ii. a. Tf20, 2,6-lutidine, 
CH2CI2, -78°C; b. 13, CSCO3, CH3CN, CC to room temperature, 65%; iii. H2, Pd/C, EtOH, 107%; 
iv. DCC. PhOH, pyr, 70''C, 31%; v. a. NaOH, CH3CN, 0"C; b. DCC. ethyl lactate, pyr, 70''C, 52%; 
vi. CH3CN, DMSO, PBS, porcine liver esterase, SS^C, 69%. 



Example 9 

5 ConqMund 12: To a solution of compound 11 (4. 10 g, 9.66 mmol) and anhydrous ethylene 
glycol (5.39 mL, 96.6 mmol) in anhydrous DMF (30 mL) at 0°C was added powdered 
magnesium tert-butoxide (2.05 g, 12.02 mtool). The reaction mixture was stirred at 0°C for 
1.5 h, ibea concentrated. The residue was partitioned between EtOAc and H2O and washed 
with 1 N HC1» saturated NaHCOj solution, and brine. Organic lay«r dried (MgS04), 
10 concentrated and purified (silica gel, 4% MeOH/CH2Cfe) to give a cotorless oil (1 .55 g, 

48%). *H NMR (300 MHz, CDCI3): 5 7.37 (s, 10 H, Ar), 5.40-5.05 (m, 4 H, CffzPh), 3.84 (d, 
/= 8.1 Hz, 2 H, PCH2O), 3.70-3.60 (m. 4 H, OCHiCHzO, OCH2CH2O); NMR (121 
MHz, CDCI3): 5 22.7. 



15 Examplft 10 

Compound 14: To a sohition of compound 12 (0.75 g, 2.23 nunol^ and 2,6-lutidine (0.78 mL, 
6.69 mmol) in CHaCfe (20 mL) at -78°C was added trifluoromethanesulfonic anhydride (0.45 
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mU 2.68 minol). The reaction mixture was stirred at -TS^'C for 40 min, then diluted with 
CShCk and washed with 1 N HO, saturated NaHCQs and dried (MgSO^)- Concentration 
gave a yellow ofl that was dissolved in anhydrous acetonitrile (20 noL). Phenol 13 (1.00 g, 
1J3 nmol) was added to the solution, which was cooled to O^C Cesium carbonate (0.619 g. 

5 1.90 nunoD was added and reaction mixture was stirred at O'^C for 2 h, then at room 
ten5)erature for 1.5 h. Additional cesium carbonate (0.200 g, 0.61 nnnol) was added and 
reaction was continued for L5 h, then filtered. Concentration of the filtrate and purification 
(silica gel, 3% MeOH/CH2Cl2) gave a yellow gum (1.005 g, 65%). NMR (300 MHz, 
CDOs): 5 7.71 (d, J = 8.7 Hz, 2 H, S02C(CH)2), 7.34 (s, 10 H, PhC%0), 7.11 (d, / = 8.1Hz, 

10 2 H, CH2C(CH)2(CH)2), 6.98 (d, / = 8.7 Hz, 2 H, (CfOaCOCHsX 6.78 (d, 7= 8.7 Hz, 2 H, 
(Cfl)2COCH2), 5.62 (d, / = 5.4 Hz, 1 H, OCHOX 5.16-4.97 (m, 6 H), 4.05-3.65 (m, 12 H), 
3.86 (s, 3 H, OCH3), 3.19-2.66 (m, 7 H), 1.95-1.46 (m, 3 H), 0.92 (d, / = 6.6 Hz, 3 H, 
CHiCHshX 0.88 (d, 7= 6.6 Hz, 3 H, CH(CH3)2); ^^P NMR (121 MHz, CDCI3): 5 2L9. 

15 Fxamplft 1 1 

CoiDpound 15: A loixture of coiiqpound 14 (0.410 g, 0.457 mmol) and 10% palladium on 
carbon (0.066 g) in ethanol (5.0 mL) was stirred undo: a hydrogen atmosphere (1 atm) for 16 
h. Celite was added and the mixture was stirred for 5 min, then filtered through Celite and 
concentrated to give a foam (0.350 g, 107%). ^H NMR (300 MHz, CD3OD): 5 7.76 (d, J = 

20 8.7 Hz, 2 H, SOzCiCHhX 7.15 (d, 7 = 8.4Hz, 2 H, CH2C(Cfi)2(CH)2), 7.08 (d, 7 = 8.4 Hz, 2 
H, (Cfl)2COCH3X 6.82 (d, / = 8.4 Hz, 2 H, {CHhCOCazX 5.59 (d, / = 5.4 Hz, 1 H, OCHOX 
5.16-4.97 (masked by CD3OH, 1 H), 4.09-4.02 (m. 2 H), 3.99-3.82 (m, 10 H), 3.88 (s, 3 H, 
OCffa), 3.52-3.32 (m, 1 H), 3.21-2.75 (m, 5 H), 2.55-2.40 (m, 1 H), 2.10-1.95 (m, 1 H), 1.75- 
125 (m, 2 H), 0.93 (d, / = 6.3 Hz, 3 H, CaiCHshX 0.88 (d, / = 6.6 Hz, 3 H, CRiCHsh); 

25 NMR (121 MHz, CD3OD): 5 19.5. 

Kyam ple 1 2 

Con5)Ound 16: Compound 15 (0.350 g, 0.488 mmol) was coevaporated with anhydrous 
pyridine (3 x 10 mL), each time filling with N2. Residue was dissolved in anhydrous p3aidine 
30 (2,5 mL) and phenol (0.459 g, 4.88 mmol) was added. This solution was heated to 70''C, 

then 1,3-dicyclohexylcarbodiimide (0.403 g, 1.93 mmol) was added and reaction mixture was 
heated at 70*'C for 7 h. Reaction mixture was concentrated, coevaporated with toluene and 
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residue ol^ained was diluted with EtOAc, precipitating 1,3-dicyclohexyhirea. The mixture 
was filtered and filtrate concentrated and residue obtained was purified (silica gel, 2% 
MeOH/CHiaa, then another column 75% EtOAc/Hex) to give a clear oil (0.1324 g, 31%). 
NMR (300 MHz, C3X33): 5 7.71 (d, /= 8.7 Hz, 2 H, SO2C(C^02), 7.41-7.18 (m, 10 H, 
5 Ar), 7. 14 (d, J = 8.4Hz, 2 H, CH2C(Cfl)2(CH)2), 6.99 (d, / = 9.0 Hz, 2 H, (C^OaCOCHa), 
6.83 (d, /= 8.4 Hz, 2 H, (CHhCOCHaX 5.64 (d, /= 5.1 Hz, 1 H, OCfl^O), 5.16-4.92 (m, 2 
H), 4.32-3.62 (m, 12 H), 3.87 (s, 3 H, OCft), 3.22-2.73 (m, 7 H), 1.95-1.75 (m, 3 H), 0.93 (d, 
/ = 6.6 Hz, 3 H, CH(Cif3)2), 0.88 (d, 7 = 6.6 Hz, 3 H, Ca{CH^h)\ ^^P NMR (121 MHz, 
CDCfe): 8 14.3. 

10 

Example 13 

Conipound 17: To a solution of con^und 16 (0.132 g, 0.152 mmol) in acetonitiile (1.5 mL) 
at O'^C was added 1.0 M NaOH (0.38 mL, 0.381 mmol). Reaction mixture was stirred for 2 h 
at 0°C, then Dowex 50 (H+) resin was added until pH = 1. The resin was removed by 

15 filtration and the filtrate was concentrated and washed with EtOAc/Hex (1:2, 25 mL), then 
dried und^ high vacuum to give a clear fihn (0.103 g, 85%). This film was coev^porated 
with anhydrous pyridine (3x5 mL), filling with N2. The residue was dissolved in anhydrous 
pyridine (1 mL) and ethyl lactate (0.15 mL, 1.30 mmol) was added and reaction mixture was 
heated at 70^. After 5 min, 1,3-dicyclohexylcarbodiimide (0.107 g, 0.520 mmol^ was added 

20 and reaction mixture was stirred at 70^C for 2.5 h. Additional 1,3-dicyclohexylcarbodiimide 
(0.055 g, 0.270 mmol) was added and reaction continued for another 1.5 h. Reaction mixture 
was concentrated and coevaporated with toluene and diluted with EtOAc, precq)itating 1,3- 
dicyclohexylurea. The mixture was filtered and fiOitrate concentrated and residue obtained 
was purified (silica gel 80 to 100% EtOAc/Hex) to give a white foam (0.0607 g, 52%). *H 

25 NMR (300 MHz, CDCI3): 8 7.71 (d, 7 = 8.7 Hz, 2 H, S02C(Cfl)2), 7.39-7.16 (m. 5 Ar), 
7.13 (d, /= 8.1Hz, 2 H, CH2C(Ci02(CH)2), 6.99 (d, 7= 9.0 Hz, 2 H, (CifhCOCHa). 6.82 (d, 
/ = 8.4 Hz. 2 H, (CH)2COCH2), 5.64 (d, / = 5.1 Hz, 1 H, OCHO\ 5.16-4.92 (m, 3 H), 4.35- 
3.65 (m, 14 H), 3.87 (s, 3 H, OCH3), 3.22-2.73 (m, 7 H), 1.95-1.80 (m, 3 H). 1.59 (d, 7 = 
6.9Hz, 1.5 H, CXHCffa), 1.47 (d, 7 = 7.2 Hz, 1.5 H, CCHCft), 1.37-1.18 (m, 3 H), 0.92 (d, 7 

30 = 6.6 Hz, 3 H, CH(C£r3)2), 0.88 (d, 7 = 6.6 Hz, 3 H, CR{CH^y£)\ ^^P NMR (121 MHz, 
C3X33): 5 19.2, 17.2. 
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Example 14 

Compound 18: Compoxmd 17 (11.5 mg, 0.013 mmol) was dissolved in DMSO (0.14 mL) 
and acetonitiile (0.29 mL). PBS (pH 7.4, 1.43 mL) was added slowly with stirring. Pordne 
liver esterase (Signtia, 0.1 mL) was added and reaction mixture was gently stirred at 38^C 
After 24 h, additional porcine liver esterase (0.1 mL) and DMSO (0.14 mL) were added and 
reaction mixture stirred for 48 h at 38^C. Reaction mixture concentrated and methanol was 
added to precq)itate the enzyme. The mixture was filtered, concentrated and purified by 
reverse phase chromatography to give a white powd^ after lyophUization (7. 1 mg, 69%). 
NMR (300MHz, CD3OD): 8 7.76 (d, 7= 8.7 Hz, 2 H, S02C(Cfl)2), 7.15 (d, 7 = 8.4Hz, 2H, 
C3i2C(CH)2(CH)2X 7.08 (d, / = 9.0 Hz, 2 H, {CHhCOCH^X 6.83 (d, / = 8.7 Hz, 2 H, 
(Cfl)2COCH2), 5.59 (d, / = 5. 1 Hz, 1 H, OCffO), 5.16-4.90 (masked by CD3OH, 2 H), 4. 19- 
3.65 (m, 12 H), 3.88 (s, 3 H, OCH3). 3.50-3.27 (m, 1 H), 3.20-2.78 (m, 5 H), 2.55-2.40 (m, 1 
H), 2.05-1.90 (m, 1 H), 1.75-1.30 (m, 2 H), 1.53 (d, 7 = 6.6 Hz, 3 H, CXMCifs), 0.93 (d, 7 = 
6.6 Hz, 3 H, CH(C&3)2), 0.88 (d, 7 = 6.6 Hz, 3 H, CHiCHs)^; ^^P NMR (121 MHz, CD3OD): 
8 16.7. 

Alternatively, compound 17 was prepared as described below (Scheme 3). 
Scheme 3 




Reagents and conditions: i. a. 14, DABCO, tol, reflux, b. ethyl lactate, PyBOP, DIPEA, DMF, 59%; 
n. a. H2, Pd/C, EtOH; b. PhOH, PyBOP, DIPEA, DMF, 35%. 
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Rxamnlft 1 S 

Conipound 19: To a solution of conq>ouod 14 (0.945 g, LOS mmol) in anhydrous toluene 
(10.0 mL) was added l,4-diazobicyclo[2.2.2] octane (0.130 1.16 mmoQ and reaction 
noixture was refhixed for 2 h. Aft^ cooling to loom teiiq[>eratQre, reaction 
5 diluted with EtOAc and washed with 1.0 N HQ and dried (MgS04). Concentration gave a 
white foam (0.785 g, 93%). Residue was dissolved in anhydrous DMF (10.0 mL) and to this 
solution was added ethyl (S)-lactate (0.23 mU 2.(K) mmol) and diisopropylethylamine (0.70 
mL, 4.00 mmol), followed by benzotriazol-l-ylox3^pyrroldinophosphonium 
he^^afluorophosphate (1.041 g, 2.00 mmol). Reaction mixture was stirred for 20 h, then 
10 concentrated and residue was dissolved in EtOAc and washed with LO N HO, saturated 
NaHCOs, brine and dried (MgSQi). Concratradon and purification (silica gel, 2 % 
MeOH/CH2a2) gave an off-white foam (0.520 g, 59%). NMR (300 MHz, CDCI3): 5 7.72 
(d, /= 7.5 Hz, 2 H, SO2C(C/02), 7.50-7.27 (m, 4 H, Ar), 7.12 (d, / = 8.1Hz, 2 H, 

* 

CH2C(CH)2(CH)2), 7.00 (d, /= 6.6 Hz, 2 H, (OOaCOCHs), 6.81 (d, J= 8.4 Hz, 2 H, 
15 (OOaCOCHi), 5.64 (d, / = 5.1 Hz, 1 H, OCffO), 5.37-4.90 (m, 5 H), 4.35-3.65 (m, 14 H), 
3.88 (s, 3 H, OCH3), 3.24-2.70 (m, 7 H), 1.90-1.70 (m, 3 H), 1.54 (d, J= 6.9Hz, 1.5 H, 
CCHCffa), L47 (d, 7 = 6.9 Hz, 1.5 H, CCHCZ/3). L37-L22 (m, 3 H), 0.93 (d, / = 6.3 Hz, 3 
H, CH(CH3)2), 0.89 (d, / = 6.0 Hz, 3 H, CH(C//3)2); ^^P NMR (121 MHz, CDQs): 5 22.3, 
21.2. 

20 

Example 16 

Conq)ound 17: A mixture of compound 19 (0.520 g, 0.573 mmoQ and 10% paUadium on 
carbon (0.055 g) in ethanol (10 mL) was stirred under a hydrogen atmosphere (1 atm) for 2 h. 
Celite was added to the reaction mixture and stirred for 5 min, then mixture was filtered 

25 through Celite and concentrated to give a white foam (0.4649 g, 99%). Residue was 

dissolved ia anhydroiis DMF (5.0 mL) and to this solution was added phenol (0.097 g, 1.03 
mmol), diisopropylethylamine (0.36 noL, 2.06 mmol) followed by benzotriazol-1- 
yloxytripyrroldinophosphonium hexafluorophosphate (0.536 g, 1.03 mmol). Reaction 
mixture was stirred for 20 h, then concentrated and residue was dissolved in EtOAc and 

30 washed with 1 N HCl, H2O, sat NaHCOs, brine and dried (MgS04). Concentration and 
purification (silica gel, 2 % MeOH/CH2Cl2) gave a white foam (0.180 g, 35%). 
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Scheme 4 




Reagents and conditions: I. a. 48% HBr, 120**C, 65%; b. Hg, Pd(OH)2, EtOH, 100%; 
il. CbzCI, NaOH, tol/HgO, 0**C to rt, 43%; b. 22, CsCOg, CH3CN, 99%; 
in. a H2, Pd/C, AcOH, EtOAc/EtOH, 95%; b. 24, NaBH(OAc)3. 1 ,2-DCE, 21 %; 
iv. 4% HF/CH3CN, 62%. 

Exanrplft 17 

Conqwund 21: Compound 20 (1L5 g, 48.1 mmol) in 48% HBr (150 mL) was heated at 
120''C for 4 h, then cooled to room tenq>eratiire and diluted with EtOAc. Mixture was 
neutralized with saturated NaHCOs solution and solid NaHCOs and extracted with EtOAc 
containing Me;(^. Organic layer dried (MgS04), concentrated, and purified (silica gel, 1:2 
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EtOAc/Hex with 1% MeOH) to give a brown solid (7.0 g, 65%). The resulting con5)Ound 
(7.0 g, 31.1 mmoO and 10% palladium hydroxide (2.1 g) in EtOH (310 niL) was stirred under 
a hydrogen atmosphere for 1 d, then fUtered through Celite and concentrated to give an off- 
white solid (4.42 g, 100%). NMR (300 MHz, CDQa): 5 7.01 (d, / = 7.8 Hz, 1 H, Ar), 
5 6.64 (s, 1 H, Ar), 6.61 (d, / = 8.1 Hz, 2 H, Ar), 4.07 (s, 2 H, ArCifaN), 4.05 (s, 2 H, 
ArC/faN). 

Example 18 

Con5)ound 22: To a sohition of con^KJund 21 (4.42 g, 3Z7 mmol) in 1.0 M NaOH (98 mL, 
10 98.25 mmol) at O'^C was added dropwise benzyl chloroformate (7.00 mL, 49.13 mmol) in 
toluene (7 mL). After addition was con^lete, reaction mixture was stirred overnight at room 
teii5)erature. Reaction mixture was diluted with EtOAc and extracted with EtOAc (3x). 
Combined organic lay^ was dried (MgS04), concentrated and purified (silica gel, 2% 
MeOH/CH2a2) to give a white soUd (3.786 g, 43%). The resulting con5)ound (0.6546 g, 
15 2.43 mmol) was dissolved in anhydrous acetonitrile (10 mL), and compound 23 (0.782 g, 
2.92 mmol) was added, foDowed by cesium carbonate (1.583 g, 4.86 mmol). Reaction 
mixture was stirred for 2h at room temperature, then filtered, concentrated, and purifiied (3% 
MeOH/CHaaa) to give a brownish oil (1.01 g, 99%). 

20 Example 19 

Con5)ound 25: To a solution of conqwund 22 (0.100 g, 0.238 mmol) in EtOAc/EtOH (2 mL, 
1:1) was added acetic acid (14 [iL, 0.238 mmol) and 10% palladium on carbon (0.020 g) and 
the mixture was stirred under a hydrogen atmosphere for 2 h. Celite was added to the 

■ 

reaction mixture and stirred for 5 min, then fDtteared through Celite. Concentration and drying 
25 under high vacuum gave a reddish film (0.0777 g, 95%). The resulting amme (0.0777g, 
0.225 mmol) and aldehyde 24 (0.126 g, 0.205 mmol) in 1,2-dichloroethane (1.2 mL) were 
stirred for 5 min at O'^C, then sodium triacetoxyborohydride (0.0608 g, 0.287 mmol) was 
added. Reaction mixture was stirred for 1 h at 0°C, then quenched with saturated NaHCOa 
solution and brine. Extracted with EtOAc, the organic layer was dried (MgS04), 
30 concentrated and purified (silica gel, 2% MeOH/CH2Cl2) to give a brown foam (38.7 mg, 
21 %). NMR (300 MHz, CDCI3): 5 7.74 (d, / = 8.7 Hz, 2 H, Ar), 7.09 (d, / = 8.7 Hz, 1 H, 
At), 7.05-6.72 (m, 4 H, Ar), 5.71 (d, J = 5.1 Hz, 1 H), 5.22-5.07 (m, 2 H), 4.22-4.17 (m, 7 H), 
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4.16-3.69 (m. 9 H), 3.82 (s, 3 H), 3^2.51 (m, 7 H), 2.22-1.70 (m, 3 H), 1.37 (t, 7= 6.9 Hz, 
6 H), 1.10-0.58 (m, 21 H); NMR (121 MHz, CDCI3): 6 19.5. 



Example 20 

CoiqpouDd 26: To a solution of conipoand 25 (38.7 mg, 0.0438 mmol) in acetonitiile (0.5 
mL) at 0°C was added 48% HF (0.02 mL). The reaction mixture was stirred at room 
temperature for 2 h, then quenched with saturated NaHCOs solution and extracted with 
^OAc. Organic layer was separated, dried (MgS04), concentrated and purified (silica gel, 3 
to 5% MeOH/CH2Cl2) to give a red film (21.2 mg, 62%). 'H NMR (300 MHz, CDCI3): 5 
7.73 (d, 7 = 8.7 Hz, 2 H, Ar), 7.10 (d, / = 8.7 Hz, 1 H, Ar), 6.97 (d, 7 = 8.70 Hz, 2 H), 6.90- 
6.76 (m, 2 H). 5.72 (d, 7 = 5.1 Hz, 1 H), 5.41 (d, 7 = 9.0 Hz, 1 H), 5.15 (q, 7 = 6.6 Hz, 1 H), 
4.38-4.17 (m, 7 H), 4.16-3.65 (m, 9 H), 3.87 (s, 3 H). 3.20-2.82 (m, 7 H), 2.75-1.79 (m, 3 H), 
1.37 (t, 7 = 6.9 Hz, 6 H), 0.90 (d, 7 = 6.6 Hz, 3 H), 0.88 (d, 7 = 6.6 Hz, 3 H); ^^P NMR (121 
MHz, CDas): 5 19.3. 



Scheme 5 
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Reagents and conditions: i. Boc^O, NaOH. H20, 96%; 

ii. a. HP(OEt)2, EtsN, (PPh3)4Pd, 90°C. b. TMSBr, CH3CN, 65%; 

Hi. B0C2O. NaOH, "mF/HaO, 89%; iv. PliOH, DCC, pyr, lO'C. 71%; 

V. a. NaOH, CH3CN, 94%; b. Et lactate, DCC, pyr, TO^C, 80%; vi. a. TFA, CHaOa; 

b. 24, AcOH, NaBHaCN, EtOH, 33%; vii, 4% HF/CH3CN, 88%; 

viii. HCHO, AcOH, NaBHsCN. EtOH. 67%; 

ix. CH3CN, DMSO, PBS, porcine liver esterase, 38''C, 21 %. 

Kxamplft 71 

Confound 28: To a mixture of 4-hroiiK)benzy]amiiie hydrochloride (15.23 g, 68.4 mwol) in 

H2O (300 mL) was added sodiuin hydroxide (8.21 g, 205.2 mmol), followed by di-Ze/t-butyl 

dicarbonate (16.45g, 75.3 mmol). Reaction mixtoe was vigorously stirred for 18 h, then 

diluted with EtOAc (500 mL). Organic layer separated and aqueous layer extracted with 

EtOAc (200 mL). Combined organic layer was dried (MgS04), concentrated and dried under 

high vacuum to give a white soUd (18.7 g, 96%). NMR (300 MHz, CDQs): 5 7.41 (d, 7 = 

8.4 Hz, 2 H), 7.12 (d, / = 8.3 Hz, 2 H), 4.82 (s, 1 H, Nfl), 4.22 (d. 7 = 6.1 Hz, 2 H), 1.41 (s, 9 
H). 

Eicainplft 99, 

Compound 29: Con5)ound 28 (5.00 g, 17.47 mmol) was coevaporated with toluene. Diethyl 
phosphite (11.3 mL, 87.36 mnK)l) was added and mixture was coevaporated with toluene 
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(2x). Triethylamine (24.0 mL, 174.7 nunol) was added and mixture was purged with argon 
for 10 min, then tetrakis(tr5)henylphosphine) palladium(0) (4.00 g, 3.49 nnnol) was added. 
Reaction mixture was refluxed for 18 h, cooled, concentrated and diluted with EtOAc. 
Washed with 0.5 N HO, 0.5 M NaOH, H2O, brine and dried (MgS04). Concentrated and 
purification (silica gel, 70% EtOAc/Hex) gave an impure reaction product as a yeDow oil (6.0 
g). This material (6.0 g) was dissolved in anhydrous acetonitrile (30 mL) and cooled to 0**C. 
Bromotrimethylsilane (1 1.5 mL, 87.4 mmol) was added and reaction mixture was warmed to 
.room tei^perature over 15 h. Reaction mixture was concentrated, dissolved in MeOH (50 
mL) and stirred for 1.5 h. H2O (1 mL) was added and mixture stirred for 2 h. Concentrated 
to dryness and dried under high vacuum, then triturated with Et20 containing 2% MeOH to 
give a white soUd (3.06 g, 65 %). NMR (300 MHz, D2O): 5 7.67 (dd, / = 12.9, 7.6 Hz, 2 
H), 7.45-7.35 (m, 2 H), 4.10 (s, 2 H); ^^P NMR (121 MHz, D2O): 5 12.1. 

Example 2!^ 

Compound 30: Compound 29 (4.78 g, 17.84 mmol) was dissolved in H2O (95 mL) 
containing sodium hydroxide (3.57 g, 89.20 mmol). Di-tert-butyl dicarbonate (7.63 g, 34.94 
mmol) was added, foUowed by THF (25 mL). The clear reaction mixture was stirred 
overnight at room ten^erature then concentrated to ~100 mL. Washed with EtOAc and 
acidified to pH 1 with 1 N HCl and extracted with EtOAc (7x). Combined organic lay^ was 
dried (MgS04), concentrated and dried imder high vacumn. Trituration with Et20 gave a 
white powder (4.56 g, 89%). ^H NMR (300 MHz, CD3OD): 5 7.85-7,71 (m, 2 H), 7.39-7.30 
(m, 2 H), 4.26 (s, 2 H), 1.46 (s, 9 H); ^^P NMR (121 MHz, CD3OD): 5 16.3. 

Example 24 

Conapound 31: Conqpound 30 (2.96 g, 10.32 mmol) was coevaporated with anhydrous 
pyridine (3 x 10 mL). To this residue was added phenol (9.71 g, 103.2 mmol) and mixture 
was coevaporated with anhydrous pyridine (2 x 10 mL). Pyridine (50 mL) was added and 
solution heated to 70'^C. After 5 min, 1,3-dicyclohexylcaibodimdde (8.51 g, 41.26 mmol) 
was added and resulting mixture was stiired for 8 h at 70**C. Reaction mixture was cooled 
and concentrated and coevaporated with toluene. Residue obtained was diluted with EtOAc 
and the resulting precipitate was removed by filtration. The filtrate was concentrated and 
purified (sihca gel, 20 to 40% EtOAc/Hex, another column 30 to 40% EtOAc/Hex) to give a 
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white soUd (3.20 g, 71%). NMR (300 MHz, CDO3): 5 7.90 (dd, / = 13.8, 8.2 Hz, 2 H), 
7.41-7.10 (m, 14 H), 5.17 (br s, 1 H, Nfl), 4.35 (d, / = 5.2 Hz, 2 H), 1.46 (s, 9 H); ^^P NMR 
(121MHz,CDa3):5lL8. 

5 Example 25 

Compound 32: To a solution of compound 31 (3.73 g, 8.49 mmol) in acetonitrile (85 mL) at 
O^'C was added 1 M NaOH (21.2 mL, 21.21 mmol). Reaction mixture was stirred at O'^C for 
30 min, then warmed to room temperature over 4 h. Reaction mixture cooled to O^C and 
Dowex (H-f ) residue was added to pH 2. Mixture was filtered, concentrated and residue 

10 obtained was triturated with KOAc/Hex (1:2) to give a white powder (2.889 g, 94%). This 
conq)ound (2.00 g, 5.50 mmol) was coevaporated with anhydrous pyridine (3 x 10 noL). The 
residue was dissolved in anhydrous pyridine (30 mL) and ethyl (S)-lactate (6.24 mL, 55 
mmol) and reaction mixture was heated to 70^C. After 5 min^ 1,3-dicyclocarbodiiimide (4.54 
g, 22.0 mmoQ was added. Reaction mixture was stirred at 70^C for 5 h, then cooled and 

15 concentrated. Residue was dissolved in EtOAc and prec^itate was removed by filtration. 
The filtrate was concentrated and purified (25 to 35% EtOAc/Hex, another column 40% 
EtOAc/Hex) to give a colorless oil (2.02 g, 80%). ^H NMR (300 MHz, CDCk): 5 7.96-7.85 
(m, 2 H), 7.42-7.35 (m, 2 H), 7.35-7.08 (m, 4 H), 5.16-5.00 (m, 1 H), 4.93 (s, 1 H, NH)> 4.37 
(d, /= 5.5 Hz, 1 H), 4.21 (q, /= 7.3 Hz, 1 H), 4.11 (dq, /= 5.7, 2.2 Hz, 1 H), 1.62-1.47 (m, 3 

20 H), 1.47 (s, 9 H), 1.27 (t, /= 7.3 Hz, 1.5 H), 1.17 (t,y = 7.3 Hz, 1.5 H); NMR (121 MHz, 
CDa3):5l6.1, 15.0. 



Example 26 

Conopound 33: Con5)ound 32 (2.02 g, 4.36 mmol) was dissolved in 01202 (41 mL) and 
25 cooled to O^'C To this solution was added trifluoroacetic acid (3.5 mL) and reaction nmcture 
was stirred at 0°C for 1 h, then at room teicperature for 3 h. Reaction mixture was 
concentrated, coevaporated with EtOAc and diluted with H2O (400 mL). Mixture was 
neutralized with Amberlite IRA-67 weakly basic resin, then filtered and concentrated. 
Coevaporation with MeOH and dried under high vacuum to give the TFA amine salt as a 
30 semi-solid (1.48 g, 94%). To a sohition of the amine (1.48 g, 4.07 mmol) in absolute ethanol 
(20 mL) at OX was added aldehyde 24 (1.39 g, 2.26 mmol), followed by acetic acid (0. 14 
mL, 2.49 mmol). After stirring for 5 min, sodium cyanoborohydride (0.284 g, 4.52 mmol) 
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was added and reaction mixture stirred for 30 min at O^'C. Reaction was quenched with 
saturated NaHCQs solution and diluted with ROAc and H2O. Aqueous layer was extracted 
with EtOAc (3x) and combined organic layer was dried (MgS04), concentrated and purified 
(silica gel, 2 to 4% MeOH/CHaCfc) to give white foam (0.727 g, 33%). NMR (300 MHz, 
5 CDCla): 6 7.98-7.86 (m, 2 H), 7.71 (d, J = 8.6 Hz, 2 H), 7.49 (hr s, 2 H), 738«7.05 (m, 5 H), 
6.98 (d, J = 8.8 Hz. 2 H), 5.72 (d, /= 5.1 Hz, 1 H), 5.28-5.00 (m, 2 H), 4.30-3.72 (m, 12 H), 
3.42-3.58 (m, 1 H), 3.20-2.68 (m, 7 H), 2.25-1.42 (m, 6 H), 1.26 (t, /= 7.2 Hz, 1.5 H), 1.17 
(t, 7= 7.2 Hz, 1.5 H), 1.08-0.50 (m, 21 H); ^^P NMR (121 MHz, CDCI3): 5 16.1, 15.1. 

10 Example 27 

Con^und 34: To a solution of compound 33 (0.727 g, 0.756 mmol) in acetonitrile (7.6 mL) 
at 0°C was added 48% hydrofluoric acid (0.152 mL) and reaction mixture was stirred for 40 
min at 0**C, then diluted with EtOAc and H2O. Saturated NaHCOa was added and aqueous 
layer was extracted with EtOAc (2x). Combined organic layor was dried (MgS04), 

15 concentrated and purified (silica gel, 4 to 5% MeOH/CH2Cfc) to give a colorless foam 

(0.5655 g, 88%). ^H NMR (300 MHz, CDCI3): 5 7.95-7.82 (m, 2 H), 7.67 (d, J = 8.1 Hz, 2 
H), 7.41 (br s, 2 H), 7.38-7.05 (m, 5 H), 6.95 (d, 7 = 7.2 Hz, 2 H), 5.76 (d, / = 7.9 Hz, 1 H), 
5.67 (d, J = 5.0 Hz, 1 H), 5.32-4.98 (m, 2 H), 4.25-3.75 (m, 13 H), 3.25-2.70 (m, 7 H), 2.15- 
1.76 (m, 3 H), 1.53-1.41 (m, 3 H), 1.25-1.08 (m, 3 H), 0.87 (d, J = 4.2 Hz, 6 H); ^^P NMR 

20 (121 MHz, CDQa): 5 16.1, 15.0. 

Example 28 

Con5>ound 35: To a solution of con5)Ound 33 (0.560 g, 0.660 mmo^ in absolute ethanol (13 
mL) at O'^C was added 37% formaldehyde (0.54 mL, 6.60 mmol), followed by acetic acid 

25 (0.378 mL, 6.60 mmol). The reaction mixture was stirred at 0°C for 5 min, then sodium 
cyanoi)orohydride (0.415 g, 6.60 mmol) was added. Reaction mixture was wanned to room 
tempCTature over 2 h, then quenched with saturated NaHCQs solution. EtOAc was added and 
mixture was washed with brine. Aqueous layer was extracted with EtOAc (2x) and 
conabined organic layer was dried (MgS04), concentrated and purified (silica gel, 3% 

30 MeOH/GHaQa) to give a white foam (0.384 g, 67%). ^H NMR (300 MHz, CDQa): 5 7.95- 
7.82 (m, 2 H), 7.71 (d, 7 = 8.4 Hz, 2 H), 7.38 (br s, 2 H), 7.34-7.10 (m, 5 H), 6.98 (d, J = 8.8 
Hz, 2 H), 5.72 (d, J = 5.0 Hz, 1 H), 5.50 (hr s, 1 H), 5. 19-5.01 (m, 2 H), 4.29-3.75 (m, 10 H), 
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3.85 (s, 3 H), 3.35-2.70 (no. 7 H), 2.23 (s, 3 H), 117-1.79 (m. 3 H), 1.54 (d, 7 = 6.9 Hz, 1.5 
H), 1.48 (d, / = 6.8 Hz, 1.5 H), 1.25 (t, / = 7.2 Hz, 1.5 H), 1.16 (t, 7 = 7.2 Hz, 1.5 H), 0.92 (d, 
/ = 6.6 Hz, 3 H), 0.87 (d, /= 6.6 Hz, 3 H). ^^P NMR (121 MHz, CDCfe): 6 16.0, 14.8. 

CoBopoxmd 36: To a sohition of conqwund 35 (44 mg, 0.045 mmol) in acetonitrile (1.0 mL) 
and DMSO (0.5 mL) was added phosphate buffered sahne (pH 7.4, 5.0 mL) to give a cloudy 
white suspension. Poidne Uv^ esterase (200 pL) was added and reaction mixture was stirred 
for 48 h at 38°C. Additional esterase (600 fiL) was added and reaction was continued for 4 d. 
Reaction mixture was concentrated, diluted with MeOH and the resulting precipitate removed 
by filtration. Filtrate was concentrated and purified by revrase phase HPLC to give a white 
powda: after lyophilization (7.2 mg, 21%). 'H NMR (300 MHz, CD3OD): 5 7.95 (br s, 2 H), 
7.76 (d, 7= 8.4 Hz, 2 H), 7.64 (br s, 2 H), 7.13 (d, J= 8.7 Hz, 2 H), 5.68 (d, 7 = 5.1 Hz, 1 H), 
5.14 (br s, 1 H), 4.77 (br s, 1 H), 4.35-3.59 (m, 8 H), 3.89 (s, 3 H), 3.45-2.62 (m. 10 H), 2.36- 

1.86 (m, 3 H), 1.44 (d, 7 = 6.3 Hz, 3 H), 0.92 (d, 7 = 6.6 Hz, 3 H), 0.84 (d, 7 = 6.6 Hz, 3 H); 
^'P NMR (121 MHz, CD3OD): 5 13.8. 
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Scheme 4 
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Example 1 

Monophospholactate 2: A solution of 1 (0.1 1 g, 0.15 mmo]) and a-hydroxyisovaleric acid 
ethyl-(S)-ester (71 mg, 0.49 nnnol) in pyridine (2 mL) was heated to l&'C and 1,3- 
dicyclohexylcarbodiimide (0.10 g, 0.49 mmol) was added. The reactioa noixture was stirred 
at 70^C for 2 h and cooled to room teniperature. The solvent was removed und^ reduced 
{M-essure. The residue was suspended in EtOAc and 1,3-dicyclohexyI urea was filt^ed off. 
The product was partitioned between EtOAc and 0.2 N HCL The ROAc layer was washed 
with 0.2 N HCl, H2O, saturated NaCl, dried with Na2S04, fBtered, and concentrated. The 
crude product was purified by cohmfin chromatogr^hy on silica gel (3% 2-propanol/CH2a2) 
to give the monophospholactate (35 mg, 28%, GS 192771, 1/1 diastereomeric mixture) as a 
white solid: NMR (CDCk) 5 7.71 (d, J = 8.7 Hz, 2H), 7.36-7.14 (m, 7H), 6.99 (d, J = 8.7 
Hz, 2H), 6.94-6.84 (dd, 2H), 5.65 (d, J = 5.4 Hz, IH), 5.00-4.85 (m, 3H), 4.55 (dd, IH), 4.41 
(dd, IH), 4.22^.07 (m, 2H), 3.96-3.68 (m, 9H), 3.12-2.74 (m, 7H), 2.29 (m. IH). L85-1.57 
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(m, 3H), 1.24 (m, 3H), 1.05 (d, J = 6.6 Hz, 3H), 0.98 (d, J = 6.6 Hz, 3H), 0.9 (m. 6H); ^^P 
NMR (CDQa) 5 17.7, 15.1. 

Monophospholactate 3: A solution of 1 (0.1 1 g, 0.15 mmol) and a-hydroxyiso valeric acid 
ethyI-(R)-ester (71 mg, 0.49 mmol) in pyridine (2 mL) was heated to IQf'C and 1,3- 
dicyclohexylcarbodiimide (0.10 g, 0.49 mmol) was added. The reaction mixture was stirred 
at 70^C for 2 h and cooled to room tenroerature. The solvent was removed under reduced 
pressure. The residue was suspended in EtOAc and 1,3-dicyclohexyl urea was fUtered oS. 
The product was partitioned between EtOAc and 0.2 N HO. The EtOAc layer was washed 
with 0.2 N HO, H2O, saturated NaCl, dried with Na2S04, filtered, and concentrated. The 
crade product was purified by column chromatography on silica gel (3% 2-propanol/CH2Cl2) 
to give the monophospholactate (35 nag, 28%, GS 192772, 1/1 diastereomeric mixture) as a 
white soHd: NMR (CDCh) 6 7.71 (d, J = 8.7 Hz, 2H), 7.35-7.13 (m, 7H), 6.98 (d, J = 8.7 
Hz, 2H), 6.93-6.83 (dd, 2H), 5.64 (d, J = 5.4 Hz, IH), 5.04-4.85 (m, 3H), 4.54 (dd, IH), 4.39 
(dd, IH), 4.21-4.06 (m, 2H), 3.97-3.67 (m, 9H), 3.12-2.75 (m, 7H), 2.27 (m, IH), 1.83-1.57 
(m, 3H), 1.26 (m, 3H), 1.05 (d, J = 6.6 Hz, 3H), 0.98 (d, J = 6.6 Hz, 3H), 0.9 (m, 6H); ^^P 
NMR (CDCI3) 6 17.7, 15.1. 

Examples 

Monophospholactate 4: A sohition of 1 (0.10 g, 0.13 mmol) and methyl-2,2-dimethyl-3- 
hydroxypropionate (56 pL, 0.44 mmol) in pyridine (1 mL) was heated to 70''C and 1,3- 
dicyclohexylcarbodiimide (91 mg, 0.44 mmol) was added. The reaction mixture was stirred 
at 70**C for 2 h and cooled to room ten5>erature. The solvent was removed under reduced 
pressure. The residue was suspended in EtOAc and 1,3-dicyclohexyl urea was filtered off! 
The product was partitioned between EtOAc and 0.2 N HCL The EtOAc layer was washed 
with 0.2 N HO, H2O, saturated Nad, dried with Na2S04, filtered, and concentrated. The 
crude product was purified by column chrpmatography on silica gel (3% 2-propanol/CH2a2) 
to give the monophospholactate (72 mg, 62%, GS 191484) as a white solid: *H NMR 
(CDCI3) 5 7.71 (d, J = 8.7 Hz, 2H), 7.34 (m, 2H), 7.25-7.14 (m, 5H), 7.00 (d, J = 9.0 Hz, 2H), 
6.87 (d, J = 8.7 Hz, 2H), 5.65 (d, J = 5.4 Hz, IH), 5.05 (m, 2H), 4.38 (d, J = 9.6 Hz, 2H), 
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4.32-4.20 (m, 2H), 4.00 (m, 2H), 3.87-3.63 (m, 12H), 3.12-2.78 (m, 7H), 1.85-1.67 (m, 3H), 
1^0 (m, 6H), 0.91 (d, J = 6.6 Hz, 3H), 0.88 (d, J = 6.6 Hz, 3H); ^^P MMR (CDQa) 5 16.0. 



Example 4 

5 Lactate 5: To a suspension of lactic acid sodium salt (5 g, 44.6 noumol) in 2-propanol (60 mL) 
was added 4-(3-chloroprQpyl)moipholine hydrochloride (8.30 g, 44.6 mmol). The reaction 
mixture was heated to reflux for 18 h and cooled to room teDoperature. The solid was filtered 
and the filtrate was recrystaUized from EtOAc / hexane to give the lactate (1.2 g, 12%). 

10 Example 5 

Monophoq>holactate 6: A solution of 1 (0.10 g, 0.13 mmol) and lactate 5 (0.10 g, 0.48 
mmol) in pyridine (2 mL) was heated to 70^C and 1,3-dicyclohexylcarbodiimide (0.10 g, 0.49 
mmol) was added. The reaction mixture was stirred at 70*^C for 2 h and cooled to room 
teiEqperature. The solvent was removed under reduced pressure. The residue was suspended 

15 in EtOAc and 1,3-dicyclohexyl urea was filtered off. The product was partitioned between 
EtOAc and H2O. The EtOAc layer was washed with saturated NaCl, dried with Na2S04, 
filtered, and concentrated. The crude product was purified by column chromatography on 
silica gel (4% 2-piopanol/CH2Cl2) to give the monophospholactate (30 mg, 24%, GS 192781, 
1/1 diastereomeric mixture) as a white solid: *H NMR (CDQa) 6 7.71 (d, J = 8.7 Hz, 2H>, 

20 7.38-7. 15 (m, 7H), 7.00 (d, J = 8.7 Hz, 2H), 6.91 (m, 2H), 5.65 (d, J = 3.3 Hz, IH), 5.18-4.98 
(m, 3H), 4.54 (dd, IH), 4.42 (dd, IH), 4.2 (m, 2H), 4.00-3.67 (m. 16H), 3.13-2.77 (m, 7H), 
2.4 (m, 5H), 1.85-1.5 (m, 5H ), 1.25 (m, 2H), 0.93 (d, J = 6.6 Hz, 3H), 0.88 (d, J = 6.6 Hz, 
3H); NMR (CDas) 5 17.4, 15.4. 

25 Example 6 

Sulfonamide 8: A solution of dibenzylphosphonate 7 (0.1 g, 0.13 mmol) in CH2CI2 (0.5 mL) 
at O^C was treated with trifluoroacetic acid (0.25 mL). The solution was stirred for 30 min at 

« 

0°C and then warmed to room temp^ture for an additional 30 min. The reaction mixture 
was diluted with toluene and concentrated under reduced pressure. The residue was co- 
30 evaporated with toluene (2 x), chloroform (2 x), and dried under vacuum to give the 
ammonium triflate salt which was dissolved in CH2a2 (1 oaL) and cooled to OX. 
Triethylamine (72 pL, 0.52 mmol) was added followed by the treatment of 4- 
methylpiperazinylsulfonyl chloride (25 mg, 0.13 mmol). The solution was stirred for 1 h at 
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0°C and the product was partitioned between C!H2a2 and H2O. The organic phase was 
washed with saturated NaO, dried with Na2S04, jHltered, and evaporated under reduced 
pressure. Tht crude product was purified by cohmm chron[iatography on silica gel (5% 2- 
propanol/CH2a2) to give the sulfonamide 8 (32 mg, 30%, GS 273835) as a white solid: 
5 ^HNMR (0X33) 5 7.35 (m, lOH), 7.11 (d, J = 8.7 Hz, 2H), 6.81 (d, J = 8.7 Hz, 2H), 5.65 (d, 
J = 5.4 Hz, IH), 5.2^.91 (m, 4H), 4.2 (d, J = 10.2 Hz, 2H), 4.0-3.69 (m, 6H), 3.4-3.19 (m, 
5H), 3.07-.Z75 (m, 5H), 2.45 (m, 4H), 2.3 (s, 3H), 1.89-L44 (m, 7H), 0.93 (m, 6H); ^^P NMR 
(CDCh) 5 20.3. 

iO . Example 7 

Phosphonic Acid 9: To a sohition of 8 (20 mg, 0.02 mmol) in EtOAc (2 mL) and 2-propanol 
(0.2 mL) was added 10% Pd/C (5 mg). The suspension was stirred under H2 atmosphere 
(balloon) at room temperature overnight The reaction nuxture was filtered through a phig of 
celite. The filtrate was concentrated and dried under vacimm to give the phosphonic add (10 
15 mg, 64%) as a white solid. 

Example 8 

Dibenzylphosphonate 11; A sohition of 10 ( 85 mg, 0.15 mmol) and IH-tetrazole (14 mg, 
0.20 mmol) in CH2CI2 (2 mL) was treated with Dibenzyldiisopropy^hosphoramidite (60 |lL, 
0.20 mmol) and stirred at room tenc^erature overnight. The product was partitioned between 
CH2CI2 and H2O, dried with Na2S04, filtered and concentrated. The crude product was 
purified by column chromatography to give the intermediate dibenzylphosphite (85 mg, 0.1 1 
mmol) which was dissolved in CH3CN (2 mL) and treated with iodobenzenediacetate (51 rng, 
0.16 mmol). The reaction mixture was stirred at room tGmp^tar^ for 3 h and concentrated. 
The residue was partitioned between EtOAc and NaHCOa. The organic layer was washed 
with H2O, dried with Na2S04, filtered, and concentrated. The crude product was purified by 
cokimn chromatography on silica gel (3% 2'-propano]/CH2Cl2) to give the 
dibenzylphosphonate (45 mg, 52%) as a white solid. 

30 Example 9 

Disodium Salt of Phosphonic Acid 12: To a sohition of 1 1 (25 mg, 0.03 mmol) in EtOAc (2 
mL) was added 10% Pd/C (10 nag). The suspension was stirred under H2 atmosphere 
(balloon) at room tenop^Bture for 4 h. The reaction mixture was filtered through a plug of 
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celite. The filtrate was concentrated and dried under vacuum to give the phosphonic acid 
which was dissolved in H2O (ImL) and treated with NaHCOs (2.53 mg. 0.06 mmol). Ihe 
reaction mixture was stirred at room temperature fori h and lyophilized overnight to give the 
disodium salt of phosphonic acid (19.77 mg. 95%, GS 273777) as a white solid: NMR 
5 (CDaOD) 6 7.81 (d, J = 9.0 Hz. 2H), 7.35 (d, J = 8.1 Hz. 2H), 7.27-7.09 (m. 5H). 5.57 (d, J = 
5.1 Hz. IH). 5.07 (m. IH), 4.87-4.40 (m. 3H), 3.93-3.62 (m. 6H), 3.45-2.6 (m, 6H). 2.0 (m, 
2H), 1.55 (m, IH), 0.95-0.84 (m, 6H). 

Examplp. 1 n 

10 Dibenzylphosphonate 14: A solution of 13 ( 0.80 g, 0.93 mmol) and Lff-tetrazole (98 mg. 
1.39 mmol) in CHaQa (15 mL) was treated with dibenzyldiisopropylphosphoramidite (0.43 
mL. 1.39 mmol) and stirred at room temperature overnight. The product was partitioned 
between CH2Cfc and H2O. dried with Na2S04, filtered and concentrated. The crude product 
was purified by cohmin chromatography to give the mt^mediate dibenzylphosphite (0.68 g. 
15 67%). To a solution of the dibenzylphosphite (0.39 g, 0.35 mmol) in CH3CN (5 mL) was 
added iodobenzenediacetate (0.17 g, 0.53 mmol). The reaction mixture was stirred at room 
temperature for 2 hand concentrated. The residue was partitioned between EtOAc and 
NaHCOs. The organic layer was washed with H2O. dried with NazSO*. filtered, and 
concentrated. Ihe crude product was purified by column chromatography on silica gel (3% 
2-propanol/CH2a2) to give the dibenzylphosphonate (0.35 g, 88%) as a white solid. 

Examp lft 1 \ 

Disodium Salt of Phosphonic Acid 15: To a solution of 14 (0.39 g, 0.35 mmol) in EtOAc (30 
mL) was added 10% Pd/C (0.10 g). The suspension was stirred under H2 atmosphere 
(balloon) at room ten5,erature for 4 h. The reaction mixture was filtered through a phig of 
celite. The filtrate was concentrated and dried under vacuum to give the phosphonic acid, 
which was dissolved in H2O (3 mL) and treated with NaHCOs (58 mg, 0.70 mmol). Tbc 
reaction mixture was stirred at ,00m temperature for 1 h and lyophilized overnight to give the 
disodium salt of phosphonic acid (0.31 g, 90%. GS 273811) as a white sohd: NMR 
(CDaOD) 5 7.81 (d. J = 9.0 Hz. 2H). 7.43-7.2 (m. 7H). 7. 13 (d. J = 9.0 Hz. 2H), 6.9 (m. 2H). 
5.55 (d, J = 4.8 Hz, IH). 5.07 (m, 2H), 4.87(m. IH), 4.64-4.4 (m. 4H), 3.93-3.62 (m. 9H), 
3.33-2.63 (m, 5H), 2.1 1 (m, IH), 1.6-1.42 (m, 4H), 1.38-1.25 (m, 7H), 0.95 (d, J = 6.3 H^ 
3H), 0.84 (d, J = 6.3 Hz, 3H). 
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Examples For The Prepa ration Of CvcKc Carbonvl-T Jke Pho5;nhnnate Protease 
Inhibitors rCCPPD 



Phosphonamidate Prodrugs 



Prodrug 




Prodrug 



10 



15 



Scheme 1-2 
Scheme 3-10 

Scheme 11-13 

Scheme 14-17 

Scheme 18-25 
Scheme 50 



Scheme 1 



Scaffold Synthesis 

P2'-Benzyl ether phosphonates 

P2'-Allqrl ether phosphonates 

P2'-Ben2yl Amide phosphonates 

P 1 -Phosphonates 
Reagents 





1.1 



The conversion of 1 to 1.1 is described in J. Org Chem 1996, 61, plll-450 



-1533- 

r 



yVO 03/090690 



PCTAJS03/12901 



Scheme 2 




2-BeiizyIosycarbonyIammo-3-(4-teit-butoxy-pheny])-propi^ add methyl ester (2.3) 
H-D-Tyr-O-me hydrocWoride 2.1 (25 g, 107.7 mmol) is dissolved in methylene chloride (150 
mL) and aqueous sodium bicarbonate (22 g in 150 mL water), and then cooled to O^C. To 
this resulting solution benzyl chloroformate (20 g, 1 18 mmol) is slowly added. After 
con:q>lete addition, the resulting solution is wanned to room temperature ,and is then stirred 
for 2 L The organic phase is separated, dried over N^S04, and concentrated under reduced 
pressure, to give the crude carbamate 2,2 (35g). The crude CBZ-Tyr-OMe product is 
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dissolved in methylene chloride (300 mL) containing concentrated H2SO4. Isobutene is 
bubbled though the solution for 6 h. The reaction is then cooled to 0**C, and neutralized with 
saturated NaHCQs aqueous solution. The organic phase is separated, dried, concentrated 
und^ reduced pressure, and purified by silica gel cohmm chromatography to ajQEbrd the tert- 
5 butyl ether 23 (25.7 g, 62 %). 

[2-(4-tert-Butoxy-phenyl)-l-foimyI-ethyQ-<rarbainic acid benzyl ester (2,4) 
(Reference J. O. C 195^, 62, 3884). 

To a stirred -78''C methylene chloride solution (60 mL) of 2.3, DIBAL (82 mL of 1.5 M m 
10 toluene, 123 mmoQ was added over 15 min. The resultant solution was stirred at -IS^C for 
30 min. Subsequently, a sohition of EtOH/36 % HQ (9/1; 15 mL) is added slowly. TTie 
solution is added to a vigorously stirred aqueous HQ solution (600 mL, IN) at 0°C. The 
layers are then separated, and the aqueous phase is extracted with cold methylene chloride. 
The combined organic phases are washed with cold IN HQ aqueous solution, water, dried 
15 over Na2S04, and then concentrated under reduced pressure to give the crude aldehyde 2.4 
(20 g, 91 %). 

[4-Beii2grIo2grcaibonyIanmbao-l-(4-tert-bntox^ 
dihydrosTf -pentyl]-carbanuc add benzyl ester (2.5) 

20 To a slurry of VCl3(THF)3 in methylene chloride (150 mL) at room ten5)erature is added 
Zjuc powder (2.9 g, 44 mmol), and the resulting solution is then stirred at room teng)erature 
foir 1 hour. A solution of aldehyde 2.4 (20 g, 56 mmol) in methylene chloride (100 mL) is 
then added over 10 min. The resulting solution is then stirred at room tenperature overnight, 
poured into an ice-cold H2SO4 aqueous solution (8 mL in 200. mL), and stirred at O'^C for 30 

25 min. The methylene chloride solution is separated, washed with IN HQ until the washing 
solution is light blue. The organic solution is then concentrated under reduced pressure 
(solids are formed during concentration), and diluted with hexane. The precipitate is 
collected and washed thoroughly with a hexane/methylene chloride mixture to give the diol 
product 2.5. The filtrate is concentrated under reduced pressure and subjected to silica gel 

30 chomatography to afford a further 1.5 g of 2.5. (Total = 13 g, 65 %). 

[1^5-[l-BenzyIoxycarbonyIanattno-2-(44ert-butosy-phenyI)-ethyI]-2^^ 
[l,3]dioxolan-4-yl}-2-(4-tert-butos7-phrayI)-^yI]-carbaniic acid ben^I ester (2.6) 
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Diol 2-S (5 g, 7 nmK)l) is dissolved in acetone (120 mL), 2,2-dimeflioxypropane (20 mL), and 
pyridimum p-tohienesulfonate (120 mg, 0.5 mmol). The resulting solution is refluxed for 30 
min., and then concentrated und^ reduced pressure to ahnost dryness. The resulting mixtme 
is partitioned between methylene chloride and saturated NaHCCb aqueous solution, dried, 
concentrated under reduced pressure, and purified by silica gel cohmm chomatography to 
afford isopropylidene protected diol 2.6 (4.8 g, 92 %). 

4,8-Bis-(4-tert-buto3q^-bemyI).2;Z..dimeth^^ 
one(2.8) 

The diol 2.6 is dissolved in EtOAc/EtOH (10 mU2 inL) in the presence of 10 % Pd/C and 
hydrogenated at atmospheric pressure to afford the diamino compound 2.7. To a solution of 
crude 2.7 in 1,1,2,2-tetrachloroethane is added 1,1-carboxydiimidazole (1.05 g, 6.5 mmol) at 
room temperature. The mixture is stirred for 10 min, and the resulting solution is then added 
dropwise to a refhixing l,l%2,2'-tetrachloroethane solution (150 mL). After 30 min., the 
reaction mixture is cooled to room ten5>erature, and washed with 5 % citric acid aqueous 
solution, dried over Na2S04, concentrated under reduced pressure, and purified by silica gel 
cohmm chomatography to afford the cyclourea derivative 2.8 (1.92 g, 60 % ovrar 2 steps). 

5,6-Dihydroxy.4,7-bis-(4-hydro^-ben2yI)-[l^]diazepan-2-one(2.9) 
Cyclic Urea 2.8 (0.4 g, 0.78 mmol) was dissolved in dichloromethane (3 mL) and treated 
with TFA (1 mL). The mixture was stirred at room ten5)erature for 2 h upon which time a 
white solid precq>itated. 2 drops of water and methanol (2 mL) were added and the 
homogeneous solution was stirred for 1 h and concentrated under reduced pressure. The 
anade solid, 2.9, was dried overnight and then used without further purification. 

4,8-Bis-(4-hydroxy-ben3g^I)-2,2-dunethyl-hexahydro-l^-dioxa-5J-^ 
(2.10) 

Diol 23 (1.8 g, 5.03 mmol) was dissolved in DMF (6 mL) and 2,2-dimethoxypropane (12 
mL). P-TsOH (95 mg) was added and the mixture stirred at 65°C for 3 h. A vacuum was 
applied to remove watea- and then the mixture was stirred at 65*^0 for a further 1 h. The 
excess dimethoxypropane was then distilled and the remaining DMF sohition was then 
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allowed to cooL The solution of acetonide 2.10 can then used without further purification in 
future reactions. 



Scheme 3 




o 



3.9 





OBn 



3.10 



1.1 



BnO 





NH2 



BnO 




3.2 




Bncr^ 



3.4 



3.3 




3JS 



BnO 



o 

TfOk^PvOBn 

OBn 
3.11 





O 



BOG 



3.6 



H2. Pd/C 




HO OhVa 



3.8 




jyXj'- 



TFA 




3.7 



N(BOC). 



BOC 



N 
H 



-1537- 



wo 03/090690 PCT/US03/12901 

3-Cyaiio-4.£Iuorobeii:^] urea 3.1 : A solution of urea 1.1 (1.6 g, 43 mmol ) in THF was 
treated with sodiuni hydride (0.5 g of 60 % oil dispersion, 13 mnrol). The mixture was stirred 
at room ten5)erature for 30 nun and then treated with 3-cyano-4-fluorobenzyl bromide 3.9 
(1.0 g, 4.8 mmo^). The resultant solution was stirred at room tenqierature for 3 h; 
concentrated under reduced pressure, and then partitioned between CH2CI2 and saturated 
brine sohition containing 1 % citric acid. The organic phase was separated , dried over 
sodium sulfate, fdtered and concentrated under reduced pressure. The residue was purified 
by silica gel eluting with 15-25% ethyl acetate in hexanes to yield urea 3.1 (1.5 g, 69 %) as a 
white fomoL 



Benzyl ether 3.2 : A solution of 3.1 (0.56 g, 1.1 mmol) in DMF (5 mL) was treated with 
sodium hydride (90 mg of 60 % oil dispersion, 2.2 mmol) and the resultant mixture stirred at 
room temperature for 30 min. 4-Benzyloxy benzyl chloride 3.10 (0.31 g, 1.3 mmol) was 
added and the resultant solution stirred at room teniperature for 3 h. The mixture was 
concentrated under reduced pressure and th^ partitioned between CH2CI2 and saturated brine 
sohitioa The organic phase was sq)arated, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure. The residue was purified by silica gel eluting with 1- 
10% ethyl acetate in hexanes to yield con5)ound 3.2 (0.52 g, 67 %) as white form. 



Indazole 33: Benzyl ether 3.2 (0.51 g, 0.73 mmol) was dissolved in n-butanol (10 mL) and 
treated with hydrazine hydrate (1 g, 20 mmol). The mixture was refluxed for 4 h and then 
allowed to cool to room temperature. The mixture was concentrated under reduced pressure 
and the residue was then partitioned between CH2CI2 and 10 % citric acid sohition. The 
organic phase was separated, concentrated under reduced pressure, and then purified by sihca 
gel column eluting with 5% methanol in CH2a2 to afford mdazole 33 (0.42 g, 82 %) as 
white solid. 



Boc-indazole 3.4 : A solution of mdazole 33 (0.4 g, 0.59 mmol) in OclzCh (10 mL) was 
treated with diisopropylethylamine (0.19 g, 1.5 mmol), DMAP (0.18 g, 1.4 mmol), and di- 
tert-butyl dicarbonate (0.4 g, 2 mmol). The mixture was stirred at room temperature for 3 h 
and then partitioned between 01202 and 5 % citric acid solution. The organic phase was 
separated, dried over sodium sulfate, filtered and concentrated under reduced pressure. The 
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residue was purified by silica gel eluting with 2% methanol in CH2a2 to afford 3.4 (0.42 g, 
71 %). 

Phenol 3*5 : A solution of 3.4 (300 mg» 0.3 mmol) in ethyl acetate (10 mL) and methanol 
5 (10 mL) was treated with 10 % Pd/C (40 mg) and stirred under a hydrogen atmosphere 
(balloon) for 16 h. The catalyst was removed by filtration and the filtrate was concentrated 
under reduced pressure to yield 3.5 as a white powder. This was used without fiirther 
purification. 

10 Dibenzyl ester 3.6 : A solution of 3.5 (0. 1 mmol) in THF (5 mL) was treated with dibenzyl 
triflate 3.11 (90 mg, 0.2 nmioQ, and cesium carbonate (0.19 g» 0.3 mmol). The mixture was 
stirred at room ten^>erature for 4 h and then concentrated under reduced pressure. The 
residue was partitioned between CH2CI2 and saturated briDe. The organic phase was 
separated, dried ov^ sodium sulfate, filtered and concentrated imder reduced pressure. The 

15 residue was purified by silica gel eluting with 20-40% ethyl acetate in hexanes to afford 3.6 
(70 mg, 59 %). l^MR (CDQa): 5 8,07 (d, IH), 7.20-7.43 (m, 16H), 7.02-7.15 (m, 8 H), 
6.80 (d, 2H), 5.07-5.18 (m, 4H), 5.03 (d, IH), 4.90 (d, IH), 4.20 (d, 2H), 3.74-3.78 (m, 4H), 
3.20 (d, IH), 3.05 (d, IH) 2.80^2.97 (m, 4H), 1.79 (s, 9H), 1.40 (s, 18H), 1.26 (s, 6H); ^^P 
NMR (Caxas): 20.5 ppm. 

20 

Phosphonic acid 3.7: A sohition of dibenzylphosphonate 3.6 (30 mg) in EtOAc (10 mL) 
was treated with 10% Pd/C (10 mg) and the mixture was stirred under a hydrogen atmosphere 
(balloon) for 3 h. The catalyst was removed by filtration and the filtrate was concentrated 
under reduced pressure to afford phosphomc acid 3.7. This was used without further 
25 purification. 

Phosphonic acid 3.8: The crude phosphonic acid 3.7 was dissolved in CH2CI2 (2 rnL) and 
treated with trifhioroacetic acid (0.4 mL). The resultant mixture was stirred at room 
tenq)erature for 4 h. The mixture was concentrated under reduced pressure and then purified 
30 by preparative HPLC (35 % CH3CN/65 % H2O) to afford the phosphomc acid 3.8 (9.4 mg, 
55 %). ^H NMR (CD3OD): 8 7.71 (s, IH), 7.60 (d, IH), 6.95-7.40 (m, 15H), 4.65 (d, 2H), 
4.17 (d, 2H), 3.50-3.70 (m, 3H), 3.42 (d, IH), 2.03-3.14 (m, 6H); ^'P NMR (CBCI3): 17.30 
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Scheme 4 



3.6 




Dibena^Iphosphonate 4.1: A solution of 3,6 (30 mg, 25 pmol) in CH2CI2 (2 mL) was 
5 treated with TFA (0.4 mL) and the resultant mixture was stirred at room ten5)erature for 4 h. 
The idixture was concentrated under reduced pressure and the residue was purified by silica 
gel eluting with 50% ethyl acetate in hexanes to afford 4.1 (5 nog, 24%). NMR (CDCI3): S 
6.96-7.32 (m. 25H), 6.95 (d, 2H), 5.07-5.18 (m, 4H), 4.86 (d, IH), 4.7 5 (d, IH), 4.18 (d, 2H), 
3.40-3.62 (m, 4H), 3.25 (d, IH), 2.80-3.15 (m, 6H); ^^P NMR (CDCI3) 20.5 ppm; MS : 852 
10 (M + H), 874 (M + Na). 

Scheme 5 



3.5 




Tf(X^P^-OEt 




Diethylphosphonate 5.1: A solution of phenol 3.5 (48 mg, 52 pmol) in THF (5 mL) was 
treated with triflate 53 (50 mg, 165 pmol), and cesium carbonate (22 mg, 0.2 mmol). The 
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resultant mixture was stirred at room tenqperature for 5 h and then concentrated under 
reduced pressure. The residue was partMoned between CH2CI2 and saturated hrine. The 
organic phase was separated, dried over sodium sulfate, filtered and concentrated imder 
reduced pressure. The residue was purified by sUica gel eluting with 7% methanol in CH2CI2 
5 to afford 5.1 (28 nag, 50 %). NMR (CDCh): 5 8,06 (d, IH), 7.30-7.43 (m, 7H), 7.02-7.30 
(m, 7 H), 6.88 (d, 2H), 5.03 (d, IH), 4.90 (d, IH), 4. 10-4.25 (m, 6H), 3.64-3.80 (m, 4H), 
3.20 (d, IH), 3.05 (d, IH) 2.80-2.97 (m, 4H), 1.79 (s, 9H), 1.20-1.50 (m, 301^; ^^P NMR 
(CDCI3): 18.5 ppm; MS :1068 (M + H), 1090 (M + Na). 

10 Dietfaylphosphonate SJ2: A solution of 5.1 (28 mg, 26 ^xmoQ in CH2Ck (2 mL) was treated 
with TFA (0.4 mL) and the resultant noixture was stirred at room ten^orature for 4 hrs. The 
mixture was concentrated under reduced pressure and the residue was purified by silica gel to 
afford 5.2 (il mg, 55 %). NMR (CXOa + 10 % CD3OD): 5 6.96-7.35 (m, 15H), 6.82 (d, 
2H), 4.86(d, IH), 4.75 (d, IH), 4.10-4.23 (M, 6H), 3.40-3.62 (m, 4H), 2.80-3.20 (m), 1.31 (t, 

15 6 H); ^^P NMR (0X33+ 10 % CD3OD): 19.80 ppm; MS : 728 (M + H). 



Sch»ie6 




6.3 6.4 
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3-Benz7loxybeii27l urea 6.1 : The urea 3.1 (0.87 g, 1.7 mmol) was dissolved in DMF and 
treated with sodium hydride (60% dispersion, 239 mg, 6.0 mmol) followed by m- 
benzyloxybenzylhromide 6.9 (0.60 g, 2.15 mmol). The mixture was stirred for 5 h and then 
dfluted with ethyl acetate. The solution was washed with water, brine, dried over magnesium 
sulfete, filtei^ and concentrated under reduced pressure. The residue was purified by silica 
gel ehiting with 25% etl^l acetate in hexanes to afford urea 6.1 (0.9 g, 75%). 



Indazole 6.2: The urea 6.1 (41 mg, 59 fixDol) was dissolved in n-butanol (1.5 mL) and 
treated with hydrazine hydrate (100 ^L, 100 mmoO- The mixture was refluxed for 2 h and 
then allowed to cooL The mixture was diluted with ethyl acetate, washed with 10% citric 
acid sohition, brine, saturated NaHCOj, and finally brine again. The organic phase was dried 
over sodium sulfate, filtered and concentrated imder reduced pressure to give the crude 
product 6.2 (35 mg, 83%). (Chena. BioL 1998, 5, 597-608). 



Boc-indazole 63 : The indazole 6.2 (1.04 g, 1.47 mmoO was dissolved in CH2a2 (20 mL) 
and treated with di-t-butyl dicarbonate (1.28 g, 5.9 nanol), DMAP (0.18 g, 1.9 mmol) and 
DIPEA {1.02 ml, 9.9 mmol). The mixture was stirred for 3 h and then dfluted with ethyl 
acetate. The solution was washed with 5% citric acid solution, NaHCQj, brine, dried over 
magnesium sulfate, filtered and concentrated under reduced pressure. The residue was 
purified by silica gel ehiting with 50% ethyl acetate in hexanes to give 63 (0.71 g, 49%). 
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Phmol 6A : Coiqpound 63 (20 mg, 0.021 mmol) was dissolved in MeOH (1 mL) and 
EtOAc (1 mL) and treated with 10% Pd/ C catalyst (5 mg). The mixture was stirred under a 
hydrogen atookosphere (balloon) until corrpletion. The catalyst was removed by filtration and 
S the filtrate concentrated under reduced pressure to afford coirpound 6*4 (19 nig, 100%). 

Diben^l phosphonate 6^: A solution of conq30und 6.4 (0.34 g, 0.37 xxsmoT) in acetonitrfle 
(5 mL) was treated with CS2CO3 (0.36 g, LI mmol) and triflate 3.11 (0.18 mL, 0.52 msnoT). 
The reaction mixture was stirred for 1 h. The reaction mixture was filt^ed and the filtrate 
10 was then concentrated under reduced pressure. Hie residue was re-dissolved in EtOAc, 
washed with watCT, saturated NaHCQs, and finally brine, dried over MgS04, filtered and 
concentrated under reduced pressure. The residue was purified by silica gel elutiog with 
hexane; EtOAc (1:1) to afford con5)Ound 6.5 (0.32 g, 73%). 

15 Phosphonic acid 6.6: Compound 6.5 (208 mg, 0.174 mmol) was treated in the same manner 
as benzyl phosphonate 3.6 in the preparation of phosphonate diacid 3.7, except MeOH was 
used as the solvent, to afford coiiq>ound 6.6 (166 mg, 94%). 

Phosphonic add 6.7: Compound 6.6 (89 mg, 0.088 mmol) was treated according to the 
20 conditions described in Scheme 3 for the conversion of 3.7 into 3.8. The residue was purified 
by preparative HPLC ehiting with a gradient of 90% methanol in 100 mM TEA bicarbonate 
buffer and 100% TEA bicarbonate buffer to afford phosphonic acid 6.7 (16 mg, 27%) 

Bisamidate 6.8 : Triphenylphosphine (112 mg, 0.43 mmol) and aldrithiol-2 (95 mg, 0.43 
25 mmol) were mixed in dry pyridine (0.5 mL). In an adjacent flask the diacid 6.7 (48 mg, 0.71 
mmol) was suspended in dry pyridine (0.5 mL) and treated with DIPEA (0,075 mL 0.43 
mmol) and L-AlaButyl ester hydrochloride (78 mg, 0.43 mmol) and finally the 
triphenylphosphine, aldrithiol-2 mixture. The reaction mixture was stirred under nitrogen for 
24 h then concentrated under reduced pressure. The residue was purified by preparative 
30 HPLC eluting with a gradient of 5% to 95% acetomtrile in water. The product obtained was 
then further purified by sihca gel eluting with CH2CI2 : MeOH (9:1) to give cooopound 6.8 (9 
mg, 14%). 



-1543- 



wo 03/090690 PCT/US03/12901 

Scheme? 




Diethyl phosphonate 7.1 : Compound 6.4 (l64 mg, 0.179 mmol) was treated according to 
the procedure used to generate con5)ound 6.5 except triflate S3 was used in place of triflate 
3.11 to afiford compound 7.1 (142 mg, 74%), 

Diethylphosphonate 7J2 : Conqxjund 7.1 (57 mg, 0.053 mmol) was treated according to the 
conditions used to form 6.7 from 6.6. The residue formed was purified by silica gel eluting 
with CHaCfe : MeOH (9:1) to afford con?)ound 7.2 (13 mg, 33%). 



Scheme 8 




8.4 



Diphenylphosphonate 8.1: A solution of 6.6 (0.67g, 0.66 mmol) in pyridine (10 mL) was 
treated with phenol (0.62 g, 6.6 mmol) and DCC (0.82 mg, 3.9 mmol). TTie resultant mixture 
was stirred at room temp^ature for 5 min and then the solution was heated at 70°C for 3 h. 
The mixture was allowed to cool to room temperature and then diluted with EtOAc and watCT 
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(2niL). The resultant mixture was stirred at room tei^ 

concentrated under reduced pressure. The residue was triturated with CH2CI2, and the white 
solid that fonned was removed by filtration. The filtrate was concratrated imdfa: reduced 
pressure and the resultant residue was purified by silica gel eluting with 30% ethyl acetate in 
hexanes to yield 8.1 (0.5 g, 65 %). NMR (CDCb): S 8,08 (d, IH). 7.41 (d, IH), 7.05-7.35 
(m, 22H), 6.85 (d. 2H), 6.70 (s, IH). 5.19 (d, IH), 5.10 (d. IH), 4.70 (d. 2H). 3.70-3.90 (m, 
4H), 3.20 (d, IH), 3.11 (d, IH), Z80-2.97 (m. 4H), 1.79 (s, 9H), 1.40 (s, 18H), 1.30 (s. 6H); 
"PNMR(CDa3): 12.43 ppm 

Diphoiylphosphoiiate 8^ : A solution of 8.1 (0.5 g, 0.42 mmol) in CH2CI2 (4 mL) was 
treated with TFA (1 mL) and the resultant mixture was stirred at room ten5)erature for 4 h. 
The reaction mixture was concentrated under reduced pressure and azeotroped twice with 
CH3CN. Hie residue was purified by silica gel eluting with 5% methanol in CH.2CI2 to afford 
diphenylphosphonate 8.2 (0.25 g, 71 %). ^H NMR (CDQa): 5 7.03-7.40 (m, 21H), 6.81-6.90 
(m, 3H), 4.96 (d, IH), 4.90 (d, IH) 4.60-4.70 (m, 2H), 3.43-3.57 (m, 4H), 3.20 (d, IH), 2.80- 
2.97 (m, 5H); ^'P NMR (CDCI3): 12.13 ppm; MS : 824 (M + H). 

Mtmophenol S3 : The monophenol 8.3 (124 mg, 68 %) was prepared from the dq)henol 8.2 
by treating with IN NaOH in acetonitrile at 0°C. 

Monoamidate 8.4 : To a pyridine sohition (0.5 mL) of 83 (40 mg, 53 Jimol), n-butyl 
amidate HQ salt (1 16 mg, 640 pmol), and DIPEA (83 mg, 640 pmol) was added a pyridine 
sohrtion (0.5 mL) of triphenyl phosphine (140 mg, 640 pmol), and aldrithiol-2 (120 mg, 640 
|imoI). The resulting solution was stirred at 65"C overnight, worked up, and purified by 
preparative TLC twice to give 8.4 (1.8 mg). 5 4.96 (d, IH), 4.90 (d, IH) 4.304.6 (m, 2H), 
3.9-4.2 (m. 2H), 3.6-3.70 (m, 4H). 3.2-3.3 (d, IH), 2.80-3.1 (nn. 4H); MS: 875 (M + H) & 
897 (M + Na) 
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Monolactate 9.1: The monolactate 9.1 is pr^ared from 83 using the conditions described 
above for the preparation of the monoanoidate 8.4 except n-butyl lactate was used in place of 
n-butyl amidate HO salt 

Scheme 10 



6.5 




10.2 

Dibenzylphosphonate 10.1: Compound 6*5 (16 mg, 0.014 mmol) was dissolved in CH2CI2 
(2 mL) and cooled to 0**C. TFA (1 mL) was added and the reaction mixture was stirred for 
0.5 h. The mixture was then allowed to warm to room teiiq)erature for 2 h. The reaction 
mixture was concentrated under reduced pressure and azeotroped with toluene. The residue 
was purified by silica gel eluting with CHzClz : MeOH (9:1) to afford conqxjund 10.1 (4 nog, 
32%). 
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Isopropylamino indazole 10.2 : Compound 10.1 (30 mg, 0.35 mmol) was treated with 
acetone according to the method of Henke et al (J. Med Chem. 40 17 (1997) 2706-2725) to 
yield 10.2 as a crude residue. The residue was purified by silica gel ehiting with CHaQa : 
MeOH (93:7) to afford conapound 10.2 (3.4 mg, 10%). 



Scheme 11 




11.6 
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Bemyl ether 11.1: A DMF solution (5 mL) of 3.1 (0.98 g, 1.96 mmol) was treated with NaH 
(0.24 g of 60 % oil dispersion, 6 mmol) for 30 min, followed by the addition of sodium 
iodide (0.3 g, 2 mmol). and benzoxypropyl bromide (0,55 g, 2.4 mmol). After the reaction 
for 3 h at room temperature, the reaction mixture was partitioned between methylene chloride 
and saturated NaCl, dried, and purified to give 11.1 (0.62 g, 49 %). 



Aminoindazole 11.2: A n-butanol solution (10 mL) of 11.1 (0.6 g, 0.92 mmoQ and 
hydrazine hydrate (0.93 g, 15.5 mmol) was heated at reflux for 4 h. The reaction mixture was 
concentrated under reduced pressure to give cmde 11.2 (-0.6 g). 
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Tri-BOC-Aminoindazale 113: A methylene chloride sohition (10 mL) of crude 11*2, 
DIPEA (0.36 g, 2.8 mmol), CB0C)20 (0.73 g, 33 mmol), and DMAP (0.34 g, 2.8 mmol) was 
stirred for 5 b at room tenq>^ature, partitioned between methylene chloride and S % citric 
5 acid solution, dried, purified by silica gel column chomatogr^hy to give 113 (0.51 g, 58 %, 
2 steps). 

3-Hydroxypropyl cyclic urea 11.4: An ethyl acetate/ethanol solution (30 mlVS mL) of 113 
(0.5 g, 0.52 mmol) was hydrogenated at 1 atm in the presence of 10 % Pd/C (0.2 g) for 4 h. 
10 The catalyst was removed by filtration. The filtrate was then concentrated und^ reduced 
pressure to afford crude 11.4 (0.44 g, 98 %). 



Dibenzyl phosphonate 11.5: A THF sohition (3 mL) of 11.4 (0.5 g, 0.57 mmol) and triflate 
dibenzyl phosphonate 3.11 (0.37 g, 0.86 mrool) was cooled to -3°C, followed by addition of 

15 n-BuLi (0.7 mL of 2.5 M hexane solution, 1.7 mmol). After 2 h reaction, the reaction 
mixture was partitioned between methylene chloride and saturated NaCl solution, 
concentrated under reduced pressure. The residue was redissolved in methylene chloride (10 
mL), and reacted with (BOQ2O (0.15 g, 0.7 mmol) in the presence of DMAP (0.18 g, 0.57 
mmol), DIPEA (0. 18 g, 1.38 mmol) for 2 h at room teniperature. The reaction mixture was 

20 worked up, and piuified by silica gel chromatography to give 113 (0.25 g, 43 %). 



Phosphonic diacid 11.7: An ethyl acetate solution (2 mL) of 113A (11 mg, 10.5 junol) was 
hydrogenated at 1 atm in the presence of 10% Pd/C (10 mg) for 6 h. The catalyst was 
removed by filtration, and the filtrate was concentrated under reduced pressure to give crude 
25 11.6. The crude 11.6 was redissolved in methylene chloride (1 mL) and treated with TFA 
(0.2 mL) for 4 h at room ten^rature. The reaction mixture was concentrated under reduced 
pressure and purified by HPLC to give 11.7 (2 mg, 30%). 

IsIMR (CD3OD): 6 7.1-7.3 (m, IIH), 7.0-7.1 (d, 2H), 4.95 (d, IH), 3.95-4.1 (d, IH), 2.9 -3.3 
(m, 4H), 2.3-2.45 (m, IH), 1.6-1.8 (m, 2H). P NMR (CD30D):15.5 ppm. MS: 624 (M + 1). 

30 

Diphenyl phosphonate 11.8: A pyridine solution (1 mL) of 11.6 (0.23 g, 0.23 nunol), 

phenol (0.27 g, 2.8 mmol), and DCC (0.3 g, 1.4 mmol) was stirred for 5 min. at room 

ten5)eTature, then reacted at 70°C for 3 h. The reaction mixture was cooled to room 
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temperature, concentrated under reduced pressure, and purified by silica gel column 
cliromatograph to afford 11.8 (0.1 Ig, 41 %). 

Monophenyl phosphonate 11.9: An acetonitrile solution (2 niL) of 11.8 (0.12 g, 0.107 
5 nanol) at O^C was treated with IN sodium hydroxide aqueous solution (0.2 mL) for 1.5 h., 
then acidified with Dowex (50wx8-200, 120 mg). The Dowex was removed by filtration, and 
the filtrate was concentrated under reduced pressure. The residue was triturated with 10 % 
EtOAc/90 % hexane twice to afford 11.9 (90 mg, 76 %) as a white solid . 

10 Mono-ethyl lactate phosphonate 11.10: A pyridine solution (0.3 mL) of 11.9 (33 mg, 30 
imol), ethyl lactate (41 mg, 340 timol), and DCC (31 mg, 146 |LUnol) was stirred at room 
tenq)»:ature for 5 min, then reacted at 7(fC for 1.5 h. The reaction mixture was concentrated 
imder reduced pressure, partitioned between methylene chloride and saturated NaQ solution, 
and purified by silica gel chromatography to give 11.10 (18 mg, 50 %). 

15 

Ethyl lactate phosphonate 11.11: A methylene chloride solution (0.8 mL) of 11.10 (18 mg, 
15.8 pmol) was treated with TFA (0.2 mL) for 4 h, and then concentrated under reduced 
pressure. The residue was purified by preparative TLC to give 11.11 (6 mg, 50 %). NMR 
(CDCI3 + --10 %CD30D): 5 7.0-7.3 (m, 16 H), 6.8-7.0 (m, 2H), 4.9^5.0 (m, IH), 4.75 (d, 
20 IH), 4.1-4.2 (m, 2H). 3.5-4.0 (m, lOH), 2.18-2.3. (m, IH), 1.6-1.7 (m, 1), 1.47 & 1.41 (2d, 
3H), 1.22 (t, 3H). P NMR (CDCI3 + -10 %CP30D): 19.72 & 17.86 ppm. 

Diethyl phosphonate 11.13: Compound 11.13 (6 mg) was prepared as described above in 
Scheme 5 from 11.4 (30 mg, 34 \xmoI) and triflate phosptonate 5.3 (52 mg, 172 pmol), 
25 followed by TFA treatment. NMR (CDCk + --10 %CD30D): 5 7. 1-7.32 (m, 11 1^, 6.9-7.0 
(d, 2H), 4.75 (d, IH), 4.1-4.2 (2q, 4H), 3.84-3.9 (m, IH), 3.4-3.8 (m, 8H), 2.7-3.1 (m, 4H), 
2.1-2.5 (m, IH), 1.5-1.7 (m, 2H), 1.25-1.35 (2t, 6H). P NMR (CDCI3 + --10 %CD30D): 
21.63 ppm. MS: 680 (M + 1). 
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Scheme 12 




Butyl lactate phosphonate 12*2: A pyridine solution (0.3 mL) of 11.9 (27 mg, 22 funol), 
butyl lactate (31 mg, 265 pmol), and DCC (28 mg, 132 iimol) was stirred at room 
ten5)erature for 5 min, then reacted at l(fC for 1.5 k The reaction mixture was concentrated 
under reduced pressure, paititioned between methylene chloride and saturated NaQ solution, 
and purified by prq)arative TLC to give 12.1 (12 mg). A methylene chloride solution (0.8 
mL) of 12.1 (12 mg) was treated with TFA (0.2 mL) for 4 h, concentrate. The residue was 
purified by preparative TLC to give 12.2 (3 mg, 16 %). MMR (CDCfe + -10 %CD30D): 5 
6.8-7.4 (m, 18H), 6.4-6.6 (m). 4.9-5.05 (m, IH), 4.75 (d, IH), 4.1-4.2 (m, 2H). 3.5-4.0 (ni, 
lOH), 3.1-3.25 (m, 2H), 2.2-2.35 (m, IH), 1.8-1.9 (m, IH), 1.4 & 1.8 (m, 7H), 1.22 (t, 3H). P 
NMR (CDCfe + --10 %CD30D): 19.69 & 17.86 ppm. 
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Scheme 13 
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Boizjrl ether 13.1: A DMF solution (5 mL) of 3.1 (1 g, 2 nunol) was treated with NaH (0.24 
5 g of 60% oil dispersion, 6 mmol) for 30 min. followed by the addition of sodium iodide (0.3 
g, 2 mmol),and benzoxybutyl bromide (0.58 g, 2.4 mmol). After the reaction for 5 h at room 
temperature, the reaction mixture was partitioned between methylene chloride and saturated 
NaCa, dried, and purified to give 13.1 (0.58 g, 44 %). 

10 Aminoindazole 13.2: A n-butanol solution (10 mL) of 11.1 (0.58 g, 0.87 mmoO and 

hydrazine hydrate (0.88 g, 17.5 mmoQ was heated at reflux for 4 h. The reaction mixture was 
concentrated under reduced pressure to give crude 13.2 (0.56 g). 
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Tri-BOC-aminoindazoIe 133: A methylene chloride solution (10 mL) of 13.2 (0.55 g, 0.82 
mmol), DIPEA (0.42 g, 3.2 mmol), (BOChO (0.71 g, 3.2 mmol), and DMAP (0.3 g, 2.4 
imnolO was stirred for 4 h at room tenq>eratiire, partitioned between methylene chloride and 
5% citric acid solution, dried, purified by silica gel chromatography to give 133 (0.56 g, 71 
%, 2 steps). 

3-TLjdroxyhntyl cycBc urea 13.4: An ethyl acetate/methanol solution (30 miy5 mL) of 113 
(0.55 g, 0.56 mmol) was hydrogenated at 1 atm in the presence of 10% Pd/C (0.2 g) for 3 h. 
The catalyst was removed by filtration. The filtrate was concentrated under reduced pressure 
to afford crade 13.4 (0.5 g, 98 %). 

Diethyl phosphonate 13.6: A THF solution (1 mL) of 13.4 (5 mg, 56 jlmol) and triflate 
diethyl phosphonate 53 (30 mg, 100 [imol) was cooled to -3°C, followed by addition of n- 
BuLi (80 \Jd of 2.5 M hexane solution, 200 pmol). After 2 h reaction, the reaction mixture 
was partitioned between methylene chloride and saturated NaCl solution, concentrated under 
reduced pressure to give crude 133. The residue was dissolved in methylene chloride (0.8 
mL) and treated with TFA (0.2 mL) for 4 h. concentrated under reduced pressure, and 
purified by HPLC to give 13.6 (8 mg, 21%). NMR (CDCh): 5 7.1-7.4 (m, IIH), 7.0-7.1 (m, 
2H) 4.81 (d, IH), 4.1-4.25 (m, 4H). 3.85-3.95 (m, IH), 3.4-3.8 (m, 7H), 3.3-3.4 (m, IH), 2.8 - 
3.25 (m, 5H), 2.0-2.15 (m, IH), 1.3-1.85 (m, lOH). P NMR (CDQa): 21.45 ppm. 
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Scheme 13a 
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Phosphonic diadd 13.8: Cocopound 13.8 (4.5 mg) was prepared from 13.4 as described 
above for the prq>aradon of 11.7 from 11.4 (Scheme 1 1). NMR (CD3OD): 6 7.41 (s, IH), 
7.1-7.4 (m, lOH), 6.9-7.0 (m, 2H) 4.75 (d, IH), 3.8-4.0 (m, IH). 3.4-3.8 (m, 8H). 2.8 -3.25 
(m, 5H), 2.1-2.25 (m. IH), 1.6-1.85 (m, 4H). MS: 638 (M + 1). 
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Scheme 14 
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t-Butyl ester 14.1: A DMF solution (3 mL) of 3.1 (0.5 g, 1 mmol) was treated with NaH (80 
mg of 60% oil dispersion, 2 mmol) for 10 min, followed by the addition of 14.5- (0.25 g, 1.1 
mmol). After the reaction for 1 h at room temperature, the reaction mixture was partitioned 
between methylene chloride and saturated NaCl, dried, and purified to give 14.1 (0.4 g, 59%). 



Aminoindazole derivative 14.3: A methylene chloride sohition (5 mL) of 14.1 (0.4 g, 0.58 
mmol) was treated with TFA (1 mL) at room temperature for 1.5 h, and then concentrated 
under reduced pressure to give crude 14.2. The crude 14.2 was dissolved in n-BuOH (5 mL) 
and reacted with hydrazine hydrate (0.58 g, 1 1.6 mmol) at reflux for 5 h. The reaction 



-1555- 



wo 03/090690 



PCTAJS03/12901 



mixture was concentrated undo: reduced pressure and purified by silica gel chromatography 
to give the desired product 143 (0.37 g, quantitative yield). 

Dietfaylphosphonate ester 14.4: A methylene chloride solution (3 mL) of 14.3 (23 mg, 38 
junol) was reacted vidth aminopropyl-diethylphosphonate 14.6 (58 mg, 190 junol), DIPEA 
(50 mg, 380 jimol), and ByBOP (21 mg, 48 jimo© at room ten5)CTature for 2 h, and then 
concentrated under reduced pressure. The residue was triturated with methylene 
chloride/hexane. The solid was purified by preparative TLC to give 14.4 (9 mg, 34 %). NMR 
(GDQs + -10 %CD30): 6 7.87 (t, IH), 7.61 (b, IH), 7.51 (s. IH), 7.14^7.2 (m, 10 H), 6.93- 
7.0 (m, 4H), 4.79 (d, 2H), 3.99-4.04 (m, 4H), 3.38-3.65 (m, 6H), 2.60-3.2 (m, 6 H), 1.70-1.87 
(m, 4H), 1.25 (t, 6H). P NMR (CDCh + -10 %CD30D): 32.7 ppm. 

Dietfaylphosphonate ester 14.5: A methylene chloride solution (2 mL) of 143 (13 mg, 21 
funol) was reacted with aminoethyl-diethylphosphonate oxalate 14*7 (23mg, 85 jimol), 
DIPEA (22 mg, 170 pmol), and ByBOP (12 mg, 25 jimol) at room ten^rature for 2 h, and 
then concentrated under reduced pressure. The residue was triturated with methylene 
chloride/hexane. The solid was purified by preparative TLC to give 14.5 (5mg, 30%). Ms: 
783 (M + 1). NMR (CDCI3 + --10 %CD30): 5 7.88 (b, IH), 7.58 (b, IH), 7.49 (s, IH), 7.14- 
7.2 (m, 10 H), 6.90-7.0 (m, 4H), 4.75 (d, 2H), 3.90-4.04 (m, 4H), 2.50-3.3 (m, 6 H), 1.97- 
2.08 (m, 2H). P NMR (CDCk + -10 %CD30D): 3012 ppm. 



-1556- 



wo 03/090690 



PCTAJS03/12901 



Scheme 15 
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Monophenol-ethyl lactate phosphonate prodrug 15.1: A methylene chloride^MF 
solution (2 mUO.5 mL) of 143 (30 mg, 49 mnol) was reacted with aminopropyl-phenol-^yl 
lactate phosphonate 15.5 (100 xng. 233 ^nol). DIPEA (64 mg, 495 Mmol). and BOP reagent 
(45 mg, 100 junol) at room temperature for 2 h, and then concentrated under reduced 
pressure. The residue was triturated with methylene chloiide^iexane. The soHd was purified 
by siUca gel chromatography to give 15.1 (28 mg. 64 %). NMR (CDCI3 + -10 %CD30)- 8 
7.83 (b. IH), 7.59 (b. IH). 7.51 (s. IH). 7.14-7.2 (m. 11 H), 6.90-7.0 (m, 4H). 4.75-4.87 (d + 
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q, 3H), 4.10 (q, 2H), 3.3-3.61 (m. 6H), 2.60-3.2 (m, 6H), 1.92-2.12 (m, 4H), 1.30 (d, 3H), 
1.18 (t, 3H). P NMR (dXIb + -10 %CD30D): 30.71 ppm. MS: 903 (M + 1). 

Phenol-ethyl alanine phosphonate prodrug 15 J5: A methylene chloride/DMF solution (2 
inL/0.5 mL) of 143 (30 mg, 49 iimol) was reacted with aminopropyl-phenol-ethyl alanine 
phosphonate 15.6 (80 mg TFA salt, 186 pmol), DIPEA (64 mg, 500 pmol), and BOP reagent 
(45 mg, 100 |Jmol) at room tenq>erature for 2 h, and then concentrated under reduced 
pressure. The residue was triturated with methylene chloride/hexane. The solid was purified 
by preparative TLC to give 15.2 (12 mg, 27 %). NMR iCDCl^ + -10 %CD20): 8 7.91 (b, 
IH), 7.61 (b, IH), 7.52 (s, IH), 7.14-7.2 (m, 11 H), 6.90-7.0 (m, 4H), 4.75 (d, 2H), 3.82-4.1 
(2q, 3H), 3.4-3.65 (m, 6H), 2.60-3.15 (m, 6H), 1.8-2.0 (m, 4H), 1.3 (d, 3H), P NMR (CDCh 
+ -10 %CD30D): 32.98 & 33.38 ppm. MS: 902 (M + 1). 

Dlb^i^l phosphonate 15.3: A methylene chloride/DMF solution (2 mL/0.5 mL) of 143 
(30 mg, 49 nmol) was reacted with amioopropyl dibenzyl phosphonate 15.7 (86 mg TFA 
salt, 200 nmol), DIPEA (64 mg, 500 pmol), and BOP reagent (45 mg, 100 fimol) at room 
ten5)erature for 2 h, and then concentrated under reduced pressure. The residue was 
triturated with methylene chloride/hexane. The solid was purified by preparative TLC to give 

15.3 (20 mg, 44%). NMR (CDOa + ~5%CD30): 8 7.50-7.58 (m, 2H), 7.14-7.3 (m, 21 H), 
6.90-7.0 (m, 4H), 4.7-5.1 (m, 6H), 3.6-3.8 (m, 4H), 3.3-3.55 (m, 2H), 2.60-3.15 (m, 6H), 1.8- 
2.0 (m, 4H). P NMR (CDCk + ~5 %CD30D): 33.7 ppm. MS: 907 (M + 1). 

Phosphonic diacid 15.4: An ethanol solution (5 mL) of 15.3 (17 mg, 18.7 pmol) was 
hydrogenated at 1 atm in the presence of 10 % Pd/C for 4 h. The catalyst was removed by 
filtration, and the filtrate was concentrated under reduced pressure to give the desired product 

15.4 (12 mg, 85%). NMR (CD3O + 20%CDa3): S 7.88 (b, IH), 7.59 (b. IH), 7.6 (s, IH), 
7.1-7.25 (m, 10 H), 6.90-7.1 (m, 4H), 4.8 (d, 2H + water peak), 3.6-3.8 (m. 4H), 3.4-3.5 (m. 
2H), 1.85-2.0 (m, 4H). 
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Scheme 16 
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Monobenzyl derivatiye 16.1: A DMF solution (4 mL) of 1.1 (0.8 g, 2.2 nimot> was treated 
with NaH (0.18 g of 60% oil dispersion, 4.4 nimol) for 10 min at room terc5)erati2re followed 
by the addition of 14.5 (0.5 g, 2.2 mmol). The resulting solution was reacted at room 
ten5)erature for 2 h, worked up, and then purified to afford 16.1 (0.48 g, 40%). 



10 



3-Nitroben2yl cyclic urea deriyative 16.2: A DMF sohition (0.5 mL) of 16.1 (65 mg, 117 
ftmol) was treated with NaH (15 mg of 60% oil dispersion, 375 pmol) for 10 min at room 
temperature, followed by the addition of 3-nitrobenzyl bromide (33 mg, 152 pmoQ. The 
resulting solution was reacted at room tenq)erature for 1 h, worked up, and purified by 
preparative TLC to afford 16.2 (66 mg, 82%). 



15 Diol 16.3: A methylene chloride solution (2 mL) of 16.2 (46 mg, 61 pmoQ was treated with 
TFA (0.4 mL) for 2 h at room terq>erature, and then concentrated under reduced pressure to 
afford 163. This material was used without further purification. 
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3-Anainobenzyl cyclic urea 16.4: An ethyl acetate/ethanol (5 mUl mL) solution of 163 
(crude) was hydrogenated at 1 atm in the presence of 10% Pd/C for 2 h. The catalyst was 
removed by filtration. The filtrate was concCTtrated under reduced pressure, and purified by 
preparative TLC to afford 16.4 (26 mg, 70%, 2 steps). 

Diethyl phosphonate 16.5: A methylene chloride/DMF solution (2 mL/0.5 mL) of 16.4 (24 
mg, 42 pmol) was reacted with aminopropyl-diethylphosphonate esta: TEA salt 14.6 (39 mg, 
127 pmoO, DIPEA C27 mg, 210 pmol). and BOP reagent (28 mg, 63 jimol) at room 
temp^ture for 2 h, and then concentrated under reduced pressure. The residue was purified 
by preparative TLC to give 16.5 (20.7 mg, 63 %). NMR (CDCh + --10 %CD30): 5 7.62 (b, 
IH), 7.51 (s, IH), 7.0-7.35 (m, 12 H), 6.95 (d, 2H), 6.85 (d, 2H), 4.6-4.71 (2d, 2H), 3.95-4.1 
(m, 4H). 3.3-3.55 (m, 3H), 2.60-2.8 (m, 2H), 2.95-.3. 15 (m, 4 H), 1.85-2.0 (m, 4H), 1.25 (t, 
6H). P NMR (CDCfe + -10 %CD30D): 32.65 ppm. 
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Scheme 17 
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p-Benzo^benzyl cycUc urea derivative 17.1: A DMF solution (0.5 mL) of 16.1 (65 mg, 
1 17 tunol) was treated with NaH (15 mg of 60% oil dispasion, 375 ^mol) for 10 min at room 
teir5>erature, followed by the addition of 4-benzoxy benzyl chloride 3.10 (35 mg, junol). The 

i 

resulting solution was stirred for 2 h at room teDoperature. The reaction mixture was 
concentrated under reduced pressure, purified by preparative TLC to generate 17.1 (62 mg, 
70%). 

# 

Diethyl phosphonate 173: A methylene chloride solution (2 mL) of 17.1 (46 mg, 61 ^tmol) 
was treated with TFA (0.4 mL) for 2 h at room temperature, and then concentrated under 
reduced pressure to give crude 17.2. An ethyl acetate/ethanol sohition (3 mU2 mL) of the 
crude 17.2 was then hydrogenated at 1 atm in the presence of 10% Pd/C (10 mg) for 5 h at 
room tenq)erature. The catalyst was removed by ffltration. The filtrate was concentrated 
under reduced pressure to afford 173 (crude). 
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Diethyl phosphonate cydie urea 17.4: A methylene chloride/DMF solution (2 mL/O.S mL) 
of 173 (25 mg, 42 pjnol) was reacted with anadnopropyl'diethylphosphonate ester TEA salt 
14.6 (40 mg, 127 Jimol), DIPEA (27 mg, 210 iimol), and BOP reagent (28 mg, 63 }UdoJ) at 
room tenq)erature for 2 h, and then concentrated under reduced pressure. Ihe residue was 
5 purified by preparative TLC to give 17.4 (14.6 mg, 44 %). NMR (CDCfe + -10 %CD30): 5 
7.82 (t), 7.62 (d, IH), 7.51 (s, IH), 7.05-7.35 (m, 10 H), 6.8-6.95 (2d, 4H), 6.85 (d, 2H), 4.8 
(d, IH), 4.65 (d, IH), 3.95-4.1 (m, 4H). 3.4-3.75 (m, 6H), Z60^3.2 (m), 1.85-2.0 (m, 4H), 
1.25 (t, 6H). P NMR (CDCfe + --10 %CD30D): 32.72 ppm. 

10 Scheme 18 
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Dibena^l derivatiYe 18.1: A DMF solution (3 mL) of con5)Ound 2.8 (0.4 g, 0.78 mmol) was 
reacted with 60%NaH (0.13 g, 1.96 nimol), 4-benzoxy benzylchloride 3-10 (0.46 g, 1.96 
mmol) and sodium iodide (60 mg, 0.39 mmol) at room tenoperature for 4 h. The reaction 
mixture was partitioned between methylene chloride and saturated NaHCQs solution. The 
organic phase was isolated, dried over Na2S04, concentrated under reduced pressure, and 
purified by silica gel chromatography to give the desired product 18.1 (0.57 g, 81%). 

Diol derivatiye 18J2 and diphenol derivative 20.1: A methylene chloride sofaition (4 mL) 
of 18.1 (0.57 g, 0.63 mmol) was treated with TFA (1 mL) at room teuDp^ature for 20 min, 
concentrated imder reduced pressure, and purified by sihca gel chromatography to give diol 
derivative 18JJ (133 mg, 28 %) and diphenol derivative 20.1 (288 mg. 57.6%). 

Monophosphohate derivative 183: A THF solution (10 mL) of 18.2 (130 mg, 0.17 mmol) 
was stirred with cesium carbonate (70 mg, 0.21 mmol) and diethylphosphonate triflate 53 
(52 mg, , 0.17 mmol) at room teiiq>erature for 4 h.. The reaction mixture was concentrated 
under reduced pressure and purified to give 183 (64 mg, 41 %), and recovered 18.2 (25 mg, 
19%). 



Methoxy derivative 18.4: A THF solution (2 mL) of 183 (28 mg, 25 fmio^ was treated 
with cesium carbonate (25 mg, 76 pmol) and iodomethane (10 eq. Excess) at room 
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teisperature for 5 h. The reaction mixture was concentrated under reduced piessure and 
partitioned between methylene chloride and saturated NaHCOs. The organic phase was 
sq>arated, concentrated under reduced pressure and the residue purified by |Hieparative TLC 
to afford 18.4 (22 mg, 78%). 

Diethylphosphoiiate 18.5 : An ethyl acetate/etbanol (2 mL/2 mL) sohition of 18.4 (22 mg, 
24 pxnol) was hydrogenated at 1 atm in the presence of 10% Pd/C for 3 h. The catalyst was 
removed by filtration, the filtrate was concentrated under reduced {Hressure to give the desired 
product 18.5 (18 mg, quantitative). NMR (CDCb + -10 %CD30): 5 6.7-7.0 (m, 12 H), 6.62- 
6.69 (m, 4H), 4.65 (d, IH), 4.50 (d, IH), 4.18-4.3 (m. 6H). 3.75 (s, 3H), 3.3-3.4 (m, 4H), 2.8- 
3.0 (m, 6H), 1.30 (t, 6H). P NMR (CDCfe + -10 %CD30D): 20.16 ppm. 



Scheme 19 
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Diethyl phosphonate 19.1: An ethyl acetate/ethanol (2 mL/1 mL) solution of 183 (14 mg, 
15.5 \unoI) was hydrogenated at 1 atm in the presence of 10% Pd/C (5 mg) for 3 h. The 
catalyst was then removed by filtration, and the filtrate was concentrated under reduced 
pressure to give the desired product 19.1 (10 mg, 90%). NMR (CDCI3 + -15 %CD30): 5 6.6- 
7.0 (m. 16 H). 4.5-4.65 (2d, 2H), 4.1-4.3 (m, 6H). 2.7-3.0 (m, 6H), 1.29 (t, 6H). P NMR 
(CDa3 + -15 %CD30D): 20.12 ppm. 
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Scheme 20 
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Monophosphonate 20^: A THF solution (8 ibL) of 20.1 (280 mg, 0.36 mmol) was stirred 
with cesium carbonate (140 mg, 0.43 mmol) and diethy^hosphonate triflate 53 (1 10 mg, 
0.36 mmol) at room tenq[>erature for 4 h.. The reaction mixture was concentrated under 
reduced pressure and purified to give 20.2 (130mg, 39%), and recovered 20.1 (76 mg, 27%). 

Triflate derivative 203: A THF sohition (6 mL) of 20.2 (130 mg, 0.13 mmol) was stirred 
with cesium carbonate (67 mg, 0.21 comol) and N-phenyltrifhioromethane-sulfommide 
(60mg, 0.17 mmol) at room tenqierature for 4 h. The reaction mixture was concentrated 
under reduced pressure and purified to give 203 (125 mg, 84%). 

Benzyl ether 20.4: To a DMF solution (2 mL) of Pd(OAc)2 (60 mg, 267 pmol), and dppp 
(105 mg. 254 pmol) was added 203 (120 mg. 111 |imoI) under nitrogen, followed by the 
addition of triethylsilane (0.3 mL). The resulting solution was stirred at room ten^erature for 
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4 h, then concentrated under reduced pressure. The residue was purified by silica gel 
chromatography to afford 20.4 (94 mg, 92%). 

Diethyl phosphonate 20.6: An ethyl acetate/ethanol (2 wUl mL) solution of 20.4 (28 mg, 
30 nnK)0 was hydrogenated at 1 atm in the presence of 10% Pd/C (5 mg) for 3 h. The 
catalyst was removed by filtration, and the filtrate was concentrated under reduced pressure 
to give the desired product 20.5. The crude product 20. 5 was redissolved in methylene 
chloride (2 mL) and treated with TFA (0.4 mL) and a drop of water. After 1 h stirring at 
room temperature, the reaction mixture was concentrated unda- reduced pressure, and 
purified by preparative TLC plate to give 20.6 (18 mg, 85 %. 2 steps). 5 6.6-7.3 (m, 17 H), 
4.65 (d, IH), 4.58 (d, IH), 4.18-4.3 (m, 6H), 3.3-3.5 (m, 4H), 2.8-3.1 (m), 1.34 (t, 6H). P 
NMR (CDCis + -10 %CD30D): 20. 16 ppm. MS: 705 (M + 1). 
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Bis-(3-iiitrob«u7l) derivative 21.1: A DMF solution (2 inL) of conqwund 2.8 (0.3 g, 0.59 
mmoO was reacted with 60%NaH (0.07 g, 1.76 mmol), 3-nitrobenzyl hromide (0.38 g, 1.76 
mmol) and sodium iodide (60 mg, 0.39 uunol) at room temperature for 3 h. The reaction 
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mixture was partitioned between methylene chloride and saturated NaHCQs solution* The 
organic phase was isolated, dried over N^S04, concentrated under reduced pressure, and 
purified by silica gel chromatography to give the desired product 2L1 (0.37 g, 82%). 

5 Diphenol deiivatiye 21.2: A methylene chloride solution (4 mL) of 21.1 (0.37 g, 0.47 
mmol) was treated with TFA (1 mL) at room ten5)erature for 3 h, and then concentrated 
under reduced pressure, and azeotroped with CH3CN twice to give dq>henol derivative 21.2 
(0.3 g, quantitative). 

10 Monophosphonate derivative 213: A THF solution (8 mL) of 18.2 (0.28g, 0.44 mmol) was 
stirred with cesium carbonate (0.17 g, 0.53 mmol) and diethylphosphonate triflate 53 (0.14 g, 
0.44 mmol) at room ten^erature for 4 h. The reaction mixture was concentrated under 
reduced pressure and purified to give 213 (120 mg, 35%), and recovered 21.2 (150 mg, 
53%). 

15 

Methoxy derivative 21.4: A THF sohition (2 mL) of 21.3 (9 mg, 11 jmiol) was treated with . 
cesium carbonate (15 mg, 46 {imol) and iodomethane (10 eq. Excess) at room temperature for 
6 h. The reaction mdxture was concentrated under reduced pressure and partitioned between 
methylene chloride and saturated NaHCQs. The organic phase was separated, dried over 
20 sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified 
by preparative TLC to afford 21.4 (9 mg) 

Diethylphosphonate 21.5: A ethyl acetate/ethanol (2 mL/0.5 mL) solution of 21.4 (9 mg, 11 
pjnol) was hydrogenated at 1 atm in the presence of 10% Pd/C for 4 h. The catalyst was 
25 removed by filtration, and the filtrate was concentrated under reduced pressure to give the 
desired product 21.5 (4.3 mg, 49%, 2 steps). NMR (CDCfe + --10 %CE)30): 8 7.0-7.10 (m, 6 
H), 6.8-6.95 (m, 4H), 6.5-6.6 (m, 4H), 6.4-6.45 (m, 2H), 4.72 (d, 2H), 4.18-4.3 (m, 6H). 3.72 
(s, 3H), 3.4-3.5 (m. 4H), 2.8-3.0 (m, 6H), 1.34 (t, 6H). P NMR (CDCI3 + -10 %CD30D): 
19.93 ppm. 

30 

Triflate 21.6: A THF solution (6 mL) of 21.3 (O.lg, 0.14 mmol), cesium carbonate (0.07 g, 
0.21 nunol), and N-phenykrifluoromethane-sulfonimide (60nig, 0.17 mmo^) was stirred at 
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room ten5)eratiire for 4 h, and then concentrated under reduced pressure, and worked up. The 
residue was purified by siKca gel chromatography to give 21.6 (1 16 mg, 90%). 

Diamine 21.7: A DMF solution (2 mL) of 21.<5 (1 1 6 mg, 127 pmol), dppp (60 mg, 145 
lixnol), and Pd(OAc)2 (30 mg, 134 pmol) was stirred under nitrogen, followed by addition of 
tiiethylsilane (0.3 mL), and reacted for 4 h at room temperature. The reaction mixture was 
worked up and purified to give 21.7 (50 mg). 



10 



Dietibyl phosphonate 2L8: An acetonitrile solution (1 mL) of crude 21.7 (50 mg) was 
treated with 48% HF (0. 1 mL) for 4 h. The reaction mixture was concentrated under reduced 
pressure, and purified to give 21.8 (10 mg, 11% (2 stq>s). NMR (CDCU + -10%C3)3O): 5 
7.05-7.30 (m, 9 H). 6.8-6.95 (d. 2H), 6.4-6.6 (m, 6H), 4.72 (d, 2H), 4.18-4.3 (m, 6H). 3.4-3.5 
(m, 4H), 2.8-3.0 (m, 6H), 1.34 (t, 6H). PNMR (CX>Clj + -10 %CD30D): 19.83 ppm. 



15 Scheme 22 
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AcetonMe 22.1: An acetone/2^-diemetboxypropane solution (15 mL/5 mL) of conopound 
21.2 (240 mg, 0.38 nimol) and pyddinhun tohienesulfonate (10 mg) was heated at reflux for 
30 mill. After cooled to room teicEperatuie, the reaction mixture was. concentrated under 
reduced pressure. The residue was partitioned between methylene chloride and saturated 
NaHCXDs aqueous solution, dried, concentrated und^ reduced pressure and purified to afford 
22.1 (225 mg, 88%). 

Monometboxy derivative 22.2: A THF solution (10 mL) of 22.1 (225 mg, 033 mmol) was 
treated with cesium carbonate (160 mg, 0.5 mmol) and iodomethane (52 mg. 0.37 mmol) at 
room temperature overnight. The reaction mixture was concentrated under reduced pressure, 
and purified by preparative silica gel coliunn chomatography to afford 22.2 (66 mg, 29%) and 
recovered starting material 22.1 (25 n3g, 11%). 

Diethyl phosphonate 223: A methylene chloride solution (2 mL) of 22JS (22 mg, 32 pmol), 
DIPEA (9 mg, 66 pmol), and p-nitrophenyl chloroformate (8 mg, 40 limol) was stirred at 
room ten5)erature for 30 min. The resulting reaction mixture was reacted with DIPEA (10 
mg, 77 pmol), and aminoethyl diethylphosphonate 14.7 (12 mg. 45 \xxnol) at room 
teitq>erature overnight. The reaction mixture was washed with 5% citric acid solution, 
saturated NaHCQs, dried, and purified by preparative TLC to afford 223 (12 mg, 43%). 
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Bis(3-aiiimoben:g^l)-diethy]phosphonate ester 22^: An ethyl acetate/t-BuOH (4 mU2 roL) 
solution of 223 (12 mg, 13 pmol) was hydrogenated at 1 atm in the presence of 10% Pd/C 95 
mg) at room temperature for 5 h. The catalyst was removed by filtratiorL The filtrate was 
concentrated under reduced pressure, and purified by preparative TLC to give 22.4 (8 mg, 
72%). A methylene chloride solution (0.5 noL) of 22.4 (8 mg) was treated with TFA (0. 1 
•mL) at room tonperature for 1 h., concentrated undo: reduced pressure, and then azeotroped 
with CH3CN tvwce to afford 22.5 (8.1 mg, 81%). NMR (CDCI3 + -10 %CD30D): 6 7.2 (d, 
IH), 6.95-7.15 (m, 6H), 6.75-6.9 (m, 5 H). 4.66 (d. IH), 4.46 (d, IH), 4.06-4.15 (m, 4H). 3.75 
(s. 3H), 3.6-3.7 (m, 4H), 2.6-3.1 (m, 6H), 2.0-2.1 (m, 2H), 1.30 (t, 6H). P NMR {CDCk + 
-10 %CD30D): 29.53 ppm. MS: 790 (M + 1). 

Bis(3-aniinobaizyI) diethylphosphonate ester 22.7: iCon^ound 22.7 was prepared from 
22^ (22 mg, 32 \mioT) and aminomethyl diethylphosphonate 22.8 as shovwi above for the 
preparation of 22.5 from 22.2. NMR (0X33 + -10 foCDsOD): 6 7.24 (d, IH), 6.8-7.12 (m, 
IIH), 4.66 (d, IH), 4.45 (d, IH), 4.06-4.15 (m, 4H). 3.75 (s. 3H), 2.6-3.1 (m, 6H), 1.30 (t, 
6H). P NMR (CDOb + -10 %CD30D): 22.75 ppm. MS: 776 (M + 1). 
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Scheme 23 
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Wol 23.1: To a solution of compound 2.8 (2.98 g, 5.84 mmol) in niethylene chloride (14 
mL) was added TFA (6 mL). The resulted mixture was stiired at room tempoature for 2 h. 
Methanol (5 mL) and additional TFA (5 mL) weare added. The reaction mixture was stirred 
for additional 4 h and then concentrated undra: reduced pressure. The residue was washed 
with hexane/ethyl acetate (1:1) and dried to a£ford coiiq>ound 23.1 (1.8 g, 86%) as an off- 
white solid. 
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Benzyl ether 233: To a solution of con5)ouDd 23.1 (L8 g, 5.03 mxnol) in DMF (6 mL) and 
2;2"dimethoxyl propane (12 mL) was added p-tohienesidfonic acid monohydrate (0.095 g, 
O^Smmol). The resultant mixture was stirred at 65''C for 3 k The excess 2^-dimethoxyl 
propane was slowly distilled. The reaction mixture was cooled to room teiDperature and 
5 charged with THF (50 mL), benzyl bromide (0.8 mL, 6.73 nimoO and cesium carbonate (2.0 
g, 6.13 mmo]). The resulted mixture was stirred at 65''C for 16 h. The reaction was 
quenched with acetic acid aqueous solution (4%, 100 mL) at 0°C, and extracted with ethyl 
acetate. The organic phase was dried over naagnesium sulfate and concentrated under 
reduced pressure. The residue was purified by chromatography on silica gel to afford desired 
10 mono protected compound 23*3 (1.21 g, 49%). " 

Benzyl ether 23^: To a solution of compound 23.3 (0.65 g, 1.33 mmol) and N- 
phenyltrifluoroniethanesulfonimide (0.715 g, 2 mmol) in THF (12 mL) was added cesium 
carbonate (0.65 g, 2 mmol). The mixture was stirred at room tertperature for 3 h. The 

15 reaction mixture was filtered through a pad of silica gel and concentrated under reduced 

pressure. The residue was purified on silica gel chromatography to give triflate 23.4 (0.85 g). 
To a sohition of l,3-bis(diphenylphosphino)propane (0.275g, 0.66 mmol) in DMF (10 mL) 
was added palladium(II) acetate (0.15 g, 0.66 noanol) under argon. This mixture was stirred 
for 2 min. and then added to triflate 23.4. After stirring for 2 min., triethylsilane was added 

20 and the resulted mixtmre was stirred for 1.5 h. The solvent was removed under reduced 
pressure and the residue was purified by chromatography on silica gel to afford compound 
23.5 (0.56 g, 89%). 

Phenol 23.6: A solution of 23.5 (0.28 g, 0.593 mmol) in ethyl acetate (5 mL) and isopropyl 
25 alcohol (5 mL) was treated with 10% Pd/C (0.05g) and stirred und^ a hydrogen atmosphere 
(balloon) for 16 h. The catalyst was removed by filtration and the .filtrate was concentrated 
under reduced pressure to yield 23.6 (0.22 g, 97%) as a white solid. 

Dibenzyl phosphonate 23.7: To a solution of compound 23.6 (0.215 g, 0.563 mmol) in THF 
30 (10 mL) was added dibenzyl triflate 3.11 (0.315 g, 0.74 mmol) and cesium carbonate (0.325g, 
1 mmol). The mixture was stirred at room temperature for 2 h, then diluted with ethyl acetate 
and washed with water. The organic phase was dried over magnesium sulfate, filtered and 
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concentrated under reduced pressure. The residue was purified by chromatogr^hy on silica 
gel to afford con5>ound 23.7 (03 1 g, 84%). 

Dipheayl ester 23.8: A solution of compound 23*7 (0.3 g» 0.4S7 nunol) and benzyl bromide 
5 (0.165 mL, 1,39 nunol) in THF (10 mL) was treated with potassium tert-butoxide (IM/THF, 
1.2 mL) for 0.5 h. The mixture was diluted with ethyl acetate and washed with HCl (0.^^. 
The organic phase was dried over magnesium sulfate, filtered and concentrated under 
reduced pressure. The residue was dissolved in ethyl acetate and treated with 10% Pd/C 
(0.05 g) under hydrogen atmosphere (balloon) for 16 k The catalyst was removed by 

10 f]ltra.tion and the filtrate was concentrated under reduced pressure. The residue was treated 
with TFA (1 mL) in methanol (5 mL) for 1 h, and then concentrated under reduced pressure. 
The residue was dissolved in pyridine (1 mL) and mixed with phenol (0.45 g, 4.8 mmol) and 
1,3-dicyclohexylcarbodiimide (0.38 g, 1.85 mmol). Hie mixture was stirred at 70'C for 2 h, 
and then concentrated under reduced pressure. The residue was partitioned between ethyl 

15 acetate and HCl (0.2N)- The organic phase was dried over magnesium sulfate, filtered and 
concentrated. The residue was purified by chromatography pn silica gel to afford conq>ound 
23*8 (0.085 g, 24%). 

Mono amidate 23.9: To a sohition of 23.8 (0.085g, 0.11 mmol) m acetonitrile (1 mL) was 
20 added sodhim hydroxide (IN, 0.25 mL) at 0"C Afto: stirred at 0"C for 1 h, the mixture was 
acidified with Dowex resin to pH = 3, and filtered. The filtrate was concentrated under 
reduced pressure. The residue was dissolved in pyridine (0.5 mL) and mixed with L-alanine 
ethyl ester hydrochloride (0.062 g, 0.4 mmol) and 1,3-dicyclohexyl-carbodiinude (0.125 g, 
0.6 mmoQ. The mixture was stirred at 60*'C for 0.5 h, and then concentrated under reduced 
25 pressure. The residue was partitioned between ethyl acetate and HCl (0.2N). The organic 
phase was dried over magnesium sulfate, filtered and concentrated. The residue was purified 

by HPLC (C-18, 65% acetonitrile / water) to afford con5>ound 23.9 (0.02 g, 23%). NMR 
(CDCB): 5 1.2 (m, 3H), 1.4 (m, 3H), 1.8 (brs, 2H), 2.8-3.1 (m, 6H), 3.5-3.7 (m, 4H), 3.78 (m, 
IH), 4.0^.18 (m, 2H), 4.2-4.4 (m, 3H), 4.9 (in, 2H), 6.8-7.4 (m, 24H). 31P NMR (C3DC13): d 
30 20.9, 19.8. MS: 792 (M+1). 
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Scheme 24 
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Di-tert butyl ether 24.1: To a solution of conq)oimd 2.8 (0.51 g, 1 mmol) and benzyl 
bromide (0.43g, 2.5 mmol) in THF (6 mL) was added potassium /e/t-butoxide (IM/THF, 2.5 
5 mL). The mixture was stirred at room ten5)erature for 0.5 h, then diluted with ethyl acetate 
and washed with wata:. The organic phase was dried over magnesium sulfate, filtered and 
concentrated under reduced pressure. The residue was purified by chromatography on silica 
gel to afford compound 24.1 (0.62 g, 90%). 

10 Did 24.2: To a solution of con5)omid 24.1 (0.62 g, 0.9 mmol) in methylene chloride (4 mL) 
was added TFA (1 mL) and waiter (0.1 mL). The mixture was stirred for 2 h, and then 
concentrated und^ reduced pressure. The residue was purified by chromatography on silica 
gel to afford compound 24.2 (0.443g, 92%). 

15 Benzyl ether 243: Compound 243 was prepared in 46% yield according to the procedure 
described in Scheme 23 for the prq)aration of 23.3. 

Triflate 24.4: Compound 24.4 was prepared in 95% yield according to the procedure 
described in Scheme 23 for the preparation of 23.4. 

20 

Benzyl ether 243: ConQ)ound 24.5 was prepared in 93% yield according to the procedure 
described in Scheme 23 for the preparation of 233. 
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Phenol 24.6: Compound 24*6 was prepared in 96% yield according to the procedure 
described in Scheme 23 for the preparation of 23.6 from 23.5. 

Dibenzyl phosphonate 24.7: Coixq>ound 24.7 was prepared in 82% 3deld according to the 
5 procedure desmbed in Scheme 23 for the preparation of 23.7. 

Diadd 24.8: A sohition of 24.7 (0.16 g, 0.207 mmoQ in ethyl acetate (4 inL) and isopropyl 
alcohol (4 mL) was treated with 10% Pd/C (0.05g) and stirred under a hydrogen atmosphere 
(balloon) £Dr 4 h. The catalyst was removed by filtration and the filtrate was concentrated 
10 under reduced pressure to yield 24.8 (0. 125 g, 98%) as a white solid. 

Diphenyl ester 24.9: To a solution of coropound 24.8 (0.12 g, 0.195 mmol) in pyridine (1 
mL) was added phenol (0.19 g, 2 mmol) and 1,3-dicyclohexylcarbodiimide (0.206 g, 1 
mmol). The ntdxture was stirred at 70*C for 2 h, and then concentrated und^ reduced 
15 pressure. The residue was partitioned between ett^rl acetate and HQ (0.2N). The organic 
phase was dried ov» magnesium sulfate, filtered and concentrated. The residue was purified 
by chromatography on silica gel to afford compoimd 24.9 (0.038 g, 25%). 

Mono lactate 24.11: Conq>ound 24.9 was converted, via confound 24.10, into confound 
20 24.11 in 36% yield according to the procedure described in Scheme 23 for the preparation of 

23.9 except utilizing the ethyl lactate ester in place of I^alanine ethyl ester . NMR 

(CDCB): 5 1.05 (t, J = 8 Hz, 1.5H), 1.1 (t, J = 8 Hz, 1.5H), 1.45 (d, J = 8 Hz, 1.5H), 1.55 (d, J 
= 8 Hz, 1.5H), 2.6 (hrs, 2H), 2.9-3.1 (m, 6H), 3.5-3.65 (m, 4H), 4.15-4.25 (m, 2H), 4.4-4.62 
(m, 2H), 4.9 (m, 2H), 5.2 (m, IH), 6.9-7.4 (m, 24H). 31P NMR (CDCB): d 17.6, 15.5. MS: 
25 793 (M+1). 
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Scheme 25 
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Dibenzyl ether 25.1: The protection reaction of compound 2.10 with benzyl bromide was 
carried out in the same manner as described in Scheme 23 to afford con^und 25.1. 

Bis indazole 25.2: The alkylation of compound 25.1 with bromide 25.9 was carried out in 
the same manner as described in Scheme 23 to afford conq>ound 25 J2 in 96% yield. 
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Diol 253: A solution of 25^ (0*18 g, 0.178 mmol) in ethyl acetate (5 mL) ) and isopropyl 
alcohol (5 mL) was treated with 20% Pd(OH)2/C (0.09g) and stirred under a hydrogen 
atmosphere (balloon) for 24 h. The catalyst was removed by fihration and the filtrate was 
concentrated under reduced pressure to afford 253 in quantitative yield. 



10 



Diethyl phosphonate 25.4: To a solution of coicpound 253 (0.124 g, 0.15 mmol) in 
acetonitrile (8 mL) and DMF (1 mL) was added potassium tert-butoxide (0.15 mL, IM/THF). 
The mixture was stirred for 10 min. to fonn a clear solution. Diethyl triflate 53 (0.045 g, 
0.15 namol) was added to the reaction mixture. Aft^ stirred for 0.5 h» the reaction mixture 
was diluted with ethyl acetate and washed with HQ (O.IN). The organic phase was dried 
over magnesium sulfate, filtered and concentrated under reduced pressure. The residue was 
purified by chromatography on silica gel to afford conq)ound 25.4 (0.039 g, 55% (based on 
recov^ed starting material: 0.064 g, 52%). 



15 Bismdazole 25.6: A mixture of corEq)oimd 25.4 (0.027 g), ethanol (1.5 mL), TFA (0.6 mL) 
and water (0.5 mL) was stirred at 60'*C for 18 h. The mixture was concentrated under 
reduced pressure, and the residue was purified by HPLC to afford conq)ound 25.6 as a TFA 
salt (0.014 g, 51%). NMR (CD30D): 5 1.4 (t, J = 8 Hz, 6H), 2.9 (M, 4H), 3.2 (m, 2H), 

3.58 (brs, 2H), 3.65 (m, 2H), 4.25 (m, 4H), 4.42 (d, J = 10 Hz, 2BD, 4.85 (m, 2H), 6.75 (d, J = 
20 9 Hz, 2H), 6.9 (m, 4H), 7.0 (d, J = 9 Hz, 2H), 7.4-7.6 (m, 6H), 8.1 (brs, 2H). 31P NMR 
(CD30D): 6 20.8. MS: 769 (M+1). 



25 



Diethyl phosfphonate 25.7: * Conq>oimd 25*4 was converted into compound 25.7 in 76% 
yield according to the procedures described in Scheme 23 for the conv^sion of 23*3 into 
233. 



Bis indazole 25.8: Compound 25.7 (0.029 g) was treated in the same manner as conq)Ound 
25.4 in the preparation of 25.6 to a£B3rd compound 25.8 as a TFA salt (0.0175 g, 59%). 

NMR (CD30D): 5 1.4 (t, J = 8 Hz. 6H), 3.0 (M, 4H), 3.15 (d, J = 14 Hz. IH). 3.25 (d, J := 14 
30 Hz, IH), 3.58 (hrs, 2H), 3.65 (m, 2H), 4.25 (m, 4H), 4.42 (d, J = 10 Hz, 2H), 4.85 (m, 2H), 
6.9 (d, J = 9 Hz. 2H). 7.0 (d, J = 9 Hz, 2H), 7.1 (d, J = 7 Hz, 2H). 7.2-7.6 (m, 9H), 8.1 (brs, 
2H). ^^P NMR (CD30D): 5 20.8. MS: 753 (M+1). 
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3'K:yano-4-fhioro-b«[izyIbroimde 3,9: The conunercially available 2 — fluoro-4- 
methylbenzomtrile 50.1 (10 g, 74 nnnol) was dissolved in carbon tetrachloride (50 mL) and 
then treated with NBS (16 g, 90 mmol) foUowed by AIBN (0.6 g, 3 J nnnol). The mixture 
was stirred at 85°C for 30 min and then allowed to cool to room tenoperature. The mixture 
was filtered and the filtrate concentrated under reduced pressure. The residue was purified by 
silica gel eluting with 5-20% ethyl acetate in hexanes to give 3.9 (8.8 g, 56%). 



10 4-beiizylos7 hcaxyl chloride 3.10 is purchased from Aldrich 



15 



20 



IKbenzyl triflate 3.11: To a solution of dfbenzyl phosphite 50.2 (100 g, 381 mmol) and 
formaldehyde (37% in water, 65 noL, 860 mmol) in TUF (200 mL) was added TEA (5 mL, 36 
mmol). The resulted mixture was stirred for 1 h, and then concentrated under reduced 
pressure. The residue was dissolved in methylene chloride and hexane (1 :1, 300 noL), dried 
over sodiuna sulfate, filtered through a pad of silica gel (600 g) and ehited with ethyl acetate 
and hexane (1:1). The filtrate was concentrated under reduced pressure. The residue 503 
(95 g) was dissolved in methylene chloride (800 mL), cooled to -78"C and then charged with 
pyridine (53 mL, 650 mmol). To this cooled solution was slowly added 
trifluoromethanesulfonic anhydride (120 g, 423 mmol). The resulted reaction mixture was 
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Stirred and gradually warmed up to — IS'^C over 1.5 h period of time. The reaction mixture 
was cooled down to about - 50'C, diluted with hexane-ethyl acetate (2:1, 500 mL) and 
quenched with aqueous phosphoric acid (IM, 100 mL) at -lO'^C to 0*C. The mixture diluted 
with hexane-ethyl acetate (2:1, 1000 mL). The organic phase was washed with water, dried 
5 over magnesium sulfate, jQltered and concentrated under reduced pressure. The residue was 
purified by chromatogr^hy on silica gel to afford dibenzyl tnflate 3.11 (66 g, 41 %) as a 
colorless oiL 

IMethyl triflate 53 is prepared as described in Tet Lett 1986, 27, pl477-1480 

10 

3-Benzylos7benrflbroinide 6.9: To a solution of triphenyl phosphine (15.7 g, 60 mmol) in 
THF (150 mL) was added a solution of carbon tetrahromide (20 g, 60 mmol) in THF (50 
mL). A precipitation was formed and stirred for 10 min. A -solution of 3-benzyloxybenzyl 
alcohol 50.4 (10 g, 46.7 mmol) was added. After stirred for 1.5 h, the reaction mixture was 
15 filtered and concentrated under reduced pressure. The majority of triphenyl phosphine oxide 
was removed by precipitation from ethyl acetate-hexane. The crude product was purified by 
chromatography on silica gel and precipitation firom hexane to give the desired product 3- 
Benzyloxybenzylbromide 6.9 (10 g, 77%) as a white solid. 

20 t-Butyl-3-chloromethyl benzoate 14.5: A benzene solution (15 ml) of 3- 

chloromethylbenzoic acid 50.5 (1 g, 5.8 mmol) was heated at reflux, followed by the slow 
addition of N,N-dimethylforamide-di-t-butylacetal (5 m). The resulting solution was refluxed 
for 4 h, concentrated under reduced pressure and purified by silica gel column to afford 14.5 
(0.8 g, 60 %). 

25 

Aminopropyl-diethylphosphonate 14.6 is purchased from Acros 
Ammoethyl-diethylphosphonate oxalate 14.7 is purchased from Acros 



30 Ammopropyl-phmol-ethyl lactate phosphonate 15.5 

N-CBZ-anmiopropyl diphraylphosphonate 50.8: An aqueous sodium hydroxide solution 
(50 mL of 1 N solution, 50 mmol) of 3-aminopropyl phosphonic acid 50.6 (3 g, 1.5 mmol) 
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10 



was reacted with CBZ-Cl (4. 1 g, 24 hhudI) at room ten^erature overnight. The reaction 
mixture was washed with methylene chloride, acidified with Dowex 50wx8-200. The resin 
was filtered off. The filtrate was concentrated to dryness. The crude N-CBZ-aminopropyl 
phosphonic acid 50.7 (5.8 mmol) was suspended in CH3CN (40 mL), and reacted with 
thbnyl chloride (5.2 g, 44 mmol) at refiux for 4 hr, concentrated, and azeotroped with 
CH3CN twice. The reaction mixture was redissolved in methylene chloride (20 mL), 
followed by the addition of phenol (3.2 g, 23 mmol), was cooled to O'^C To this O^^C cold 
solution was added TEA (2.3 g, 23 mmol), and stirred at room tenq>erature ovemight. The 
reaction mixture was concentrated and purified on silica gel colanm chromatograph to afford 
50.8 (L5 g, 62 %). 



15 



Monophenol deriyatiye 50.9: A CH3CN sohition (5 mL) of 50.8 (0.8 g, 1.88 mmol) was 
cooled to 0*^C , and treated with IN NaOH aqueous sohition (4 mL, 4 mmol) for 2 h. The 
reaction was diluted with water, extracted with ethyl acetate, acidified with Dowex 50wx8- 
200. The aqueous solution was concentrated to dryness to afford 50.9 (0.56 g, 86%). 



20 



Monolactate derivatiTe 50.10: A DMF solution (1 mL) of crude 50.9 (0.17 g, 0.48 manol), 
BOP reagent (0.43 g, 0.97 mmol), ethyl lactate (0.12 g, 1 mmo^), and DIPEA (0.31 g, 2.4 
mmol) was reacted for 4 hr at room tenq>erature. The reaction mixture was partitioned 
between methylene chloride and 5 % citric acid aqueous solution. The organic solution was 
separated, concentrated, and purified on preparative TLC to give 50.10 (0. 14 g, 66%). 



3-Aiiiinopropyl lactate phosphonate 15.5: An ethyl acetate/ethanol solution (10 mL/2 mL) 
of 50.10 (0.14 g, 0.31 mmol) was hydrogenated at 1 atm in the presence of 10% Pd/C (40 
25 mg) for 3 hr. The catalyst was filtered oft The filtrate was concentrated to dryness to afford 
15.5 (0.14 g, quantitative). NMR (CDCfe): 5 8.0-8.2 (b, 1.1-7 A (m, 5H), 4.9-5.0 (m, 
IH), 4.15-4.3 (m, 2H), 3.1-3.35 (m, 2H), 2.1-2.4 (m, 4H), 1.4 (d, 3H), 1.3 (t, 3H). 



Aminopropyl-phenol-^thyl alanine phosphonate 15.6: Coir^und 15.6 (80 mg) was 
30 prepared from the reaction of 50.9 (160 mg, 0.45 nmiol) and L-alanine ethyl ester 

hydrochloride salt (O.llg, 0.68 mmol) in the presence of DIPEA and BOP reagent to give 
50.11, followed by the hydrogenation in the presence of 10% Pd/C and TFA to yield 15.6. 
NMR (CDCI3 + --10 % CD3OD): 5 8.0-8.2 (b), 7.25-7.35 (t, 2H), 7.1-7.2 (m. 3H), 4.0-4.15 
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(m, 2H), 3.8-4.0 (m, IH), 3.0-3.1 (m, 2ff), 1.15-1.25 (m, 6H). P NMR (CDCb+ -10 % 
CP3OD): 32. 1 & 32.4 ppia 

Axmnopropyl dibenzj^l phosphonate 15.7 : 

N-BOC-S-aminopropyl phosphonic add 50.13: A THF-IN aqueous solution (16 mL-16 
mL) of 3-aiimiopropyl phosphonic acid 50,12 (1 g, 7.2 mmol) was reacted with (BCXJhO (1.7 
g, 7.9 nnml) ovmiight at room ten:qperature. The reaction nodxture was concentrated, and 
partitioned between methylene chloride and water. The aqueous solution was acidified with 
Dowex 50wx8-200. The resin was filtered off. The filtrate was concentrated to give 50*13 
(Z2 g, 92 %). 

N-BOC-3-aminopropyl dibrazyl phosphonate 50.14: A CH3CN solution (10 mL) of 50.13 
(0.15 g, 0.63 nanol), cesium carbonate (0.61 g, 1.88 mmol), and benzyl bromide (0.24 g, 1.57 
wxDoJ) was heated at reflux overnight. The reaction mixture was cooled to room temperature, 
and diluted with noethylene chloride. The white solid was filtered ofi^ washed thoroughly 
with methylene chloride. The organic phase was concentrated, and purified on preparative 
TLC to give 50.14 (0.18 g, 70%). MS: 442 (M + Na). 

Aminopropyl dibenzyl phosphonate 15.7: A methylene chloride solution (1.6 naL) of 50.14 
(0.18 g) was treated with TFA (0.4 mL) for 1 hr. Ibe reaction mixture was concentrated to 
dryness, and azeotroped with CHaCa^I twice to afford 15.7 (0.2 g, as TFA salt). NMR 
(CDQa): 5 8.6 (b, 2H), 7.9 (b, 2H), 7.2-7.4 (m, lOH), 4.71-5.0 (2 abq, 4H), 3.0 (b, 2H), 1.8-2 
(m. 4K0. 31P NMR (CDCas): 32.0 ppm. F NMR (CDCI3): -76.5 ppm. 

Aminomethyl di^ylphosphonate 22.8 is purchased from Acros 

Bromomethyl, tetrahydropyran indazole 25.9 is prepared according to J. Org. Chem. 1997, 
62,p5627 

Activitv of the CXIPPI Compomids 

The enzyme inhibitory potency (Ki), antiviral activity (EC50), and cytotoxicity (CC50) of the 

tested conqxDunds were measured and demonstrated. 
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Biological assays used for the characterization of PI prodrugs 

HIV'I Protease Enzyme Assay (Ki) 

The assay is based on the fluonmetric detection of synthetic hexapeptide substrate cleayage 
by HTV-l protease in a defined reaction buffer as initially described by M. V.Toth and 
G.FLMarshall, Int. J. Peptide Protein Res. 36, 544 (1990) 

Substrate: (2-anQinobenzoy^)Thr-ne-Nle-(p-nitro)Phe-Ghi-Arg 

Substrate supplied by Bachem California, Inc. (Torrance, CA; Cat. no. H-2992) 

Em^me: recombinant HIV-1 protease expressed in £.Co]i 

Enzyme suppUed by Bachem California, Inc. (Torrance, CA; Cat. no. H-9040) 

Reaction buffer: 100 mM ammonium acetate, pH 5.3 

1 M sodium chloride 
1 mM ethylendiaminetetraacetic acid 
1 mM dithiothreitol 
10% dimethylsulfoxide 

Assay protocol for the determination of inhibition constant Ki: 

1. Prepare series of solutions containing identical amount of the enzyme (1 to 2.5 nM) and a 
tested inhibitor at different concentrations in the reaction buffer 

2. Transfer the solutions (190 uL each) into a white 96-well plate 

3. Preincubate for 15 mm at 37°C 

4. Solubilize the substrate in 100% dimethylsulfoxide at a concentration of 800 pM. Start 
the reaction by adding 10 |llL of 800 pM substrate into each well (final substrate 
concentration of 40 pM) 

5* Measure the real-time reaction kinetics at 37^C by using Gemini 96-well plate fluorimeter 
(Molecular Deyices, Sunnyvale, CA) at X(Ex) = 330 mn and 7u(Em) = 420 mn 

6« Determine initial velocities of the reactions with different inhibitor concentrations and 
calculate Ki (in picomolar concentration units) value by using EnzFitter program 
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(Biosoft, Cambridge, U.K) according to an algorithm for tight-binding competitive 
inhibition described by Ennolieff J., Lin X., and Tang J., Biochemistry 36, 12364 (1997) 

Anti-HIV-1 CeD Culture Assay (EC^^ 
5 The assay is based on quantification of the HTV-l -associated cytopathic effect by a 

colorimetric detection of the viability of virus-infected cells in the presence or absence of 
tested inhibitors. The HIV-l-induced cell death is determined using a metabolic substrate 
23-bis(2-Daethoxy-4-nitro-5-sulfophenyl)-2H-tetrazoliurn-5K:arboxaniUd (XTT) which is 
converted only by intact cells into a product with specific absorption characteristics as 
10 described by Weislow OS, Kiser R, Fine DL, Bader J, Shoemaker RH and Boyd MR, J. NatL 
Cancer Inst. 81, 577 (1989). 

Assay protocol for determination ofECso^ 

1. Maintain MT2 cells in KPMI-1640 medium supplemented with 5% fetal bovine serum 
15 and antibiotics. 

2. Infect the cells with the wild-type HIV-l strain HTR (Advanced Biotechnologies, 
Columbia, MD) for 3 hours at 37^C using the virus inoculum corresponding to a 
multiplicity of infection equal to 0.01. 

3. Prepare a set of solutions containing various concentrations of the tested inhibitor by ' 

20 making 5-fold serial dilutions in 96-weIl plate (100 fiL/well). Distribute the infected cells 
into the 96-well plate (20,000 cells in 100 pL/well). Include samples with untreated 
infected and untreated mock-infected control cells. 

4. Incubate the cells for 5 days at 37**C. 

5. Prepare XTT solution (6 mL per assay plate) at a concentration of 2mg/mL in a 

25 phosphate-buffered saline pH 7.4. Heat the solution in water-bath for 5 min at 55®C. 

Add 50 fiL of N-methylphenazonium methasulfate (5 ^g^mL) per 6 mL of XTT sohition. 

6. Remove 100 yJu media from each well on the assay plate. 

7. Add 100 jxL of the XTT substrate solution per well and incubate at 37°C for 45 to 60 min 
in a CO2 incubator. 

30 8. Add 20 |iL of 2% Triton X-100 per well to inactivate the virus. 

9. Read the absorbance at 450 nm with subtracting off the background absorbance at 650 
nm. 
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10. Plot the percentage absorbance relative to untreated control and estimate the EC50 vahie 
as drug concentration resulting in a 50% protection of the infected cells. 

Cvtotoxicitv Cell Culture Assay (CC^ )i 

The assay is based on the evahiation of cytotoxic effect of tested con5)Ounds using a metabolic 
substrate 23-bis(2-methoxy-4-nitro-5-sulfophenyl>2H-tetrazolinmr5K:ar QCTT) as 

described by Weislow OS, Kiser R, Kne DL, Bader J, Shoemaker RH and Boyd MR, J. NatL 
CancCT Inst 81, 577 (1989). 

Assay protocol for determination of CC50: 

1. Maintain MT-2 cells in RPMI-1640 medium si^plemented with 5% fetal bovine serum 
and antibiotics. 

2. Prepare a set of solutions containing various concentrations of the tested inhibitor by 
making 5~fold serial dUutions in 96- well plate (100 jiL /well). Distribute ceDs into the 
96-well plate (20,000 cells in 100 pJL/well). Include samples with untreated cells as a 
control 

3. Incubate the cells for 5 days at 37°C. 

4. Prepare XTT solution (6 mL per assay plate) in dark at a concentration of 2mg/niL in a 
phosphate-buffered saline pH 7.4. Heat the solution in a water-bath at SS^'C for 5 min. 
Add 50 fiL of N-methylphenazoniimi niethasulfate (5 ^g/mL) per 6 

5. Remove 100 jiL media from each well on the assay plate and add 100 ^L of the XTT 
substrate solution per well Incubate at 37**C for 45 to 60 min in a CO2 incubator. 

6. Add 20 |LiL of 2% Triton X-100 per well to stop the metabolic conversion of XTT. 

7. Read the absorbance at 450 nm with subtracting off the background at 650 nm. 

8. Plot the p^centage absorbance relative to untreated control and estimate the CC50 value 
as drug concentration resultmg in a 50% inhibition of the cell growth. Consider the 
absorbance being directly proportional to the cell growth. 

Resistance Evaluation (I50V and I84V/L90M fold changed 

The assay is based on the determination of a difference in the susceptibility to a particular 
mv protease inhibitor between the wild-type HIV-1 strain and a mutant HIV-1 stram 
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containing specific drug resistance-associated nmtation(s) in the viral protease gene. The 
absolute susceptibility of each virus (EC50) to a particular tested conq)ouiKi is measured by 
using the XTT-based cytopathic assay as described above. The degree of resistance to a 
tested conq>ound is calculated as fold difference in EC50 between the wild type and a specific 
5 mutant virus. This represents a standard approach for HIV drug resistance evaluation as 
documented in various publications (e.g. Maguire et aL» Antimicrob. Agents Cherooth^. 46: 
731, 2002; Gong et aL, Antimicrob. Agents Chemother. 44: 2319, 2000; Vandamme and De 
Qercq, in Antiviral Therapy (Ed. E. De Qercq), pp. 243, ASM Press, Washington, DC, 
2001). 

10 

HTV-l strains used for the resistance evaluation: 

Two strains of mutant viruses containing I50V mutation in the protease gene have been used 
in the resistance assays: one with M46I/I47V/I50V mutations (designated I50V #1) and the 
other with L10MM46I/I50V (designated I50V #2) mutations in the viral protease gene. A 

15 third virus with I84V/L90M mutations was also employed in the resistance assays. Mutants 
I50V #1 and I84V/L90M were constructed by a homologous recombination between three 
overlapping DNA :&agments: 1. Unearized plasmid containing wild-type HTV-l pro viral DNA 
(strain HXB2D) with the protease and reverse transcriptase genes deleted, 2. DNA fragment 
generated by PGR amplification containing reverse transcriptase gene from HXB2D strain 

20 (wild-type), 3. DNA fragment of mutated viral protease gene that has been generated by PGR 
an^>lification. An approach similar to that desoribed by Shi and MeUors in Antimicrob. 
Agents Ghemother. 41: 2781-85, 1997 was used for the construction of mutant viruses from 
the generated DNA fragments. Mijcture of DNA fragments was delivered into Sup-Tl cells 
by using a standard electroporation technique. The cells were cultured in RPMl-1640 

25 medium supplemented with 10% fetal bovine serum and antibiotics until the recombinant 

virus emerged (usually 10 to 15 days following the electroporation). GeD culture supernatant 
containing the recombinant virus was harvested and stored in aliquots. After verification of 
protease gene sequence and determination of the infectious virus titer, the viral stock was 
used for drug resistance studies. Mutant I50V #2 is an anq>renavir-resistant HIV-1 strain 

30 selected in vitro from the wild-type \\\H strain in the presence of increasing concentration of 
amprenavir over a period of > 9 months using an approach similar to that described by 
Partaledis et aL, J. ViroL 69: 5228-5235, 1995. Virus capable of growing in the presence of 5 
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amprenavir was harvested from the supernatant of infected cells and used for resistance 
assays following the titration and protease gene sequencing. 

Example 37: Activity of the Tested Coy np^nndg 

The enzyme inhibitory potency (Ki), antiviral activity (EC50), and cytotoxicity (CC50) of the 
tested compounds are summarized in Table 1. 




94-003 
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Table 1: Enzyme inhibition activity (Ki), antiilral ceU culture actiyify (EC50), and 
(Ototoxicity (CC50) of the tested compounds. 



(Pl)pfaen^ 


f^i'i in rwTn i rt fl 


substituticHi 


HTV 1 

infaibiti<Hi 


Ann-jriiv-i (Jell 
EC50[nM] 


Cytotoxidty 

kaJjU IJXMl 


none 


Amprenavir 




45.6 ±18^ 


16 + 2.2 




phosphonyl 


27 


nuae 
diadd 


1.46 ±0^8 


1.4 + 0.3 






28 


dieniyl 


11.8 + 6.0 

1^±0.8 


> 100.000 
5.0 ±2.8 


>100 
70 


metiboxy 


11 


diadd 


2.1 ± 0.2 


4,800 ± 1,800 


>100 




13 


dieth)^ 


2.6 ±1.5 


3.0±0 


50 




14 


dib^zyl 


12.7 ± 1.9 


23±0.4 


35 




16c 


bi5(A]a- 
etii^ester) 


15.4 ±0.85 


10i5±43 


60 

• 




16d 


bis(A]a- 
butylest^) 


18.75 ±3.04 


6.0+1.4 






16e 


bis(ABA-. 
ediylester) 


8.8 ± 1.7 


12.5 ±3.5 






16f 


bisCABA- 
butylester) 


3.5 ± 1.4 


4.8 ±1.8 




• 


16a 


bis(Gly« 
etfaylester) 


29±8.2 


330 ±230 






16b 


bis(Gly- 
butylester) 


4.9 ±1.8 


17.5 ± 10.5 






16g 


bis(Leu- 
etbylester) 


29±9 


6.8 ± 0.4 






16h 


bis(Leu- 
butylester) 


31.7 ± 19.3 


120±42 






16i 


bis(Phe- 
ethylester) 




17 ±12 






16j 


tds(H)&- 

butylester) 




35±7 






15 


bis(POC) 


36 


825 + 106 






11 


MoDoethyl, 
monoacid 


0.45 ±0.15 


700 ±0 





Cross-Resistance Profile Assay 

The assay is based on the detennination of a difference in the susceptibility to a particular 
HTV protease inhibitor between the wild-type HIV-1 strain and a reconibinant HIV-1 strain 
expressing specific drug resistance-associated nmtation(s) in the viral protease gene. The 
absolute susceptibility of each virus to a particular tested conopound is measured by using the 
XTT-based cytopalhic assay as described in Example B. The degree of resistance to a tested 
coir5)oimd is calculated as fold difference in EC50 between the wild type and a specific 
mutant virus. 
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Recombinant HIV-1 strains with resistance nrntations in the protease gene: 
One mutant vims (82T/84V) was obtained from NIH AIDS Research and Reference Reagent 
Program (Rockville, MD). Majority of the mutant HIV-1 strains were constructed by a 
homologous recombination between three overlapping DNA fragments: 1. linearized plasmid 
5 containing wild-type HIV-1 pro viral DNA (strain HXB2D) with the protease and reverse 
transGdptase genes deleted, 2. DNA fragment generated by PGR anopliGcation containing 
reverse transcriptase gene from HXB2D strain (wild-type), 3. DNA fragment generated by 
RT-PCR an^lification from patients plasma samples containing viral protease gene with 
specific mutations selected during antiretroviral therapy with various protease inhibitors. 

10 Additional mutant HIV-1 strains were constructed by a modified procedure relying on a 
homotogous recombination of only two overlapping DNA fragments: 1. linearized plasmid 
containing wild-type HIV-1 proviral DNA (strain HXB2D) with only the protease gene 
deleted, and 2. DNA fragment generated by RT-PC3R. anaplification from patients plasma 
samples containing viral protease gene with specific mutations. In both cases, mixture of 

15 DNA fragments was delivered iato Sup-Tl cells by using a standard electroporation 

technique. The cells were cultured in RPMI-1640 medium supplemented with 10% fetal 
bovine serum and antibiotics until the recombinant virus emerged (usually 10 to 15 days 
following the electroporation). Cell culture supernatant containing the recombinant virus was 
harvested and stored in aliquots. After determination of the virus titer the virus stock was 

20 used for drug resistance studies. 

Example 39: Cross-Resistance Profile of the Tefsted rnmpounds 

Cross-resistance profile of currently used HTV-l protease inhibitors was coiupared with that 
of the newly invented conq>ounds (Table 2). 
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Table 2. Cross-resistaiice profQe of HIV-1 protease inhibitors 




Resistance-associated mutations present in the viral protease. The higMighted changes 
r^resent primary resistance mutations. 

Resistance is considered as a 5-fold and higher change in the EC50 value of the 
mutant vims relative to the wild-type vims. 
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Plasma and PBMC Exposure Following Intravenous and Oral AHm inktratin ii of Prodnig to 
5 Beagle Dogs 

The pharmacokinetics of a phosphonate prodrug GS77366 (Pl-monoLac-iPr), its active 
metabolite (metabolite X, or GS77568), and GS8373 were studied in dogs following 
intravenous and oral adininistration of the prodrug. 

10 

Dose Admini stration and Sample Collection^ Thein-lifephaseof this study was conducted 
in accordance with the USDA Animal Welfare Act and the Public Health Service Policy on 
Humane Care and Use of Laboratory Animals* and followed the standards for animal 
husbandry and care found in the Guide for the Care and Use of Laboratory Animals, 7*^ 
15 Edition, Revised 1996. All animal housing and study procedures involving live animals were 
carried out at a facility which had been accredited by the Association for Assessment and 
Accreditation of Laboratory Animal Care - International (AAALAQ. 

Each animal in a groiq> of 4 female beagle dogs was given a bolus dose of GS77366 (PI- 
20 monoLac-iPr) intravenously at 1 mg/kg in a formulation containing 40% PEG 300, 20% 
propylene glycol and 40% of 5% dextrose. Another group of 4 female beagle dogs was 
dosed with GS77366 via oral gavage at 20 mg/kg in a formulation containing 60% Vitamin-E 
TPGS, 30% PEG 400 and 10% propylene glycol 

25 Blood saniples were collected pre-dose, and at 5 min, 15 min^ 30 min, 1 hr, 2 hr, 4 hr, 8 hr, 12 
hr and 24 hr post-dose. Plasma (0.5 to 1 mL) was prepared from each sample and kept at - 
70°C until analysis. Blood saiiq)les (8 mL) were also collected from each dog at 2, 8 and 24 
hr post dose in Becton-Dickinson CPT vacutain^ tubes. PBMCs were isolated from the 
blood by centrifiigation for 15 minutes at 1500 to 1800 G. After centrifugation, the fraction 

30 containing PBMCs was transfCTred to a 15 mL conical centrifuge tube and the PBMCs were 
washed twice with phosphate buffered saline (PBS) without Ca^* and Mg^*. The final wash 
of the cell pellet was kept at -70^C until analysis. 

Measurement of the prodrug, metabolite X and GS8373 in plasma and PBMCs. Forplasrua 
35 sample analysis, the sanq>les were processed by a sohd phase extraction (SPE) procedure 
outlined below. Speedisk CI 8 sohd phase extraction cartridges (1 mL, 20 mg, 10 pM, from 
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J.T. Baker) were conditioned with 200 fiL of methanol followed by 200 \iL of water. An 
aliquot of 200 {iL of plasma sample was applied to each cartridge, foflowed by two washing 
steps each with 200 of deionized water. The con^pounds were eluted from the cartridges 
with a two-step process each with 125 pL of methanol. Each weU was added 50 pL of water 
and mixed. An aliquot of 25 |nJL of the mixture was injected onto a ThermoFinnigan TSQ 
Quantum LCTMS/MS system. 

The column used in liquid chromatography was HyPURTTY® CIS (50 x 2.1 mm, 3.5 um) 
from Thermo-HypersiL Mobile phase A contamed 10% acetonilrile in 10 mM ammonium 
formate, pH 3.0. Mobile phase B contained 90% acetonitrile in 10 mM amttnonium formate, 
pH 4.6. The chromatography was carried out at a flow rate of 250 iiUwm under an isocralic 
condition of 40% mobUe phase A and 60% mobile phase B. Selected reaction monitoring 
(SRM) were used to measure GS77366, GS8373 and Metabolite X with the positive 
ionization mode on the electrospray probe. The limit of quantitation (LOQ) was 1 nM for 
GS77366, GS8373 and GS77568 (MetaboUte X) in plasma. 

For PBMC sample analysis, phosphate buffered saline (PBS) was added to each PBMC pellet 
to bring the total sample volume to 500 jiL in each sample. An aHquot of 150 pL from each 
PBMC sample was mixed with an equal volume of methanol, followed by the addition of 700 
pL of 1% formic acid in water. The resulting mixtme was applied to a Speedisk CIS solid 
phase extraction cartridge (1 mL, 20 mg, 10 um, from J.T. Baker) which had been 
conditioned as described above. The con5)ounds were eluted with methanol after washing 
the cartridge 3 times with 10% methanol The solvent was evaporated under a stream of N2, 
and the sample was reconstituted in 150 pL of 30% methanoL An aliquot of 75 pL of the 
solution was injected for LOMS/MS analysis. The hmit of quantitation was 0.1 ng/mL in the 
PBMC suspension. 

Pharmacokinetic Calculations. The pharmacokinetic parameters were calculated using 
WinNonlin. Nonconq?artmental analysis was used for all pharinacokinetk: calculation. The 
intracellular concentrations in PBMCs were calculated from the measured concentrations in 
PBMC suspension on the basis of a reported vohune of 0.2 picoliter/cell (B.L. Robins, R.V. 
Srinivas, CKim, N.Bischofberger, and AJRridland, (1998) Antimicrob. Agents Chemother. 
42, 612). 



-1594- 



wo 03/090690 PCT/US03/12901 
Plafmia smd P BMC ConcentratioD-time Profiles. 

The concentration-tiiiie profiles of GS77366, GS77568 and GS8373 in plasma and PBMCs 
foUowing intravenous dosing of GS77366 were compared at 1 mg/kg in dogs. The data 
denwnstrate that the prodrug can effectively deliver the active con5)onents (metabolite X and 
5 GS8373) into cells that are primarily responsible for HIV rqilication, and that the active 
components in these cells had much longer half-life than in plasma. 
The pharmacokinetic properties of GS77568 in PBMCs foflowing oral administration of 
GS77366 in dogs are compared with that of nelfinavir and amprenavir, two marketed HIV 
protease inhibitors (Table 3). These data show that the active component (GS77568) from 
10 the phosphonate prodrug had sustained levels in PBMCs coiDpared to nelfinavir and 
anQ)renavir. 



Table 3. Comparison of 6S77568 with neffinavir and amprenavir in PBMCs 
following oral administradon in beagle dogs. 



Conq>ound 


Dose 


tm(br) 


AUC^.24 hr) 


Nelfinavir 


17.5 mg/kg 


3.0 hr 


33,000 nM-hr 


Amprenavir 


20 mg/kg 


1.7 hr 


102,000 nM.hr 


GS77568 


20mg/kgofGS77366 


>20hr 


42,200 nM-hr 
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Example Section O 

IntiaceDular Metabolism/In Vitro Stability 
5 1. Uptake and Persistence in MT2 cells, quiescent and stimulated PBMC 

Tbe protease inhibitor (PI) phosphonate prodrugs undergo rapid cell uptake and metabolism 
to produce acid metabolites including the parent phosphonic acid. Due to the presence of 
charges, tbe acid metabolites are significantly more persistent in the cells than non-charged 
Pi's. In order to estimate the relative intracellular levels of the different PI prodrugs, three 
10 conqK>unds representative of three classes of phosphonate PI prodrugs - bisamidate 

phosphonate, monoamidate phenoxy phosphonate and monolactate phenoxy phosphonate 
OE^gure 1) were incubated at 10 pM for 1 hr with Mr-2 cells, stimulated and quiescent 
peripheral blood nciononuclear cells (PBMC) (pulse phase). After incubation, the cells were 

washed, resuspended in the cell culture media and incubated for 24 hr (chase phase). At 
15 specific time points, the cells were washed, lysed and the lysates were analyzed by HPLC 

with UV detection. Typically, the cell lysates were centriftiged and 100 uL of the supernatant 
were mixed widi 200 of 7.5 uM arnqprenavir (Inteanal Standard) in 80% acetomtrile/20% 
water and injected into an HPLC system (70 jiL). 

20 HPLC Conditions: 

Analytical Column: Prodigy ODS-3, 75 x 4.6, 3u + C18 guard at 40''C 
Gradient: 

Mobile Phase A: 20 mM anunonium acetate in 10% ACN/90% H2O 
Mobile Phase B: 20 mM anamonium acetate in 70% ACN/30% H2O 
25 3{)-100%B in 4 min, 100%B for 2 min, 30%B for 2 min at 2.5 mT Jm\n 
Run Time: 8 min 
UV Detection at 245 nm 

Concentrations of Intracellular metaboUtes were calculated based on cell volume 0.2 |iL/mLn 
30 cells for PBMC and 0.338 pL / mLn (0.676 uL / mL) for MT-2 cefls. 

Chemical Structures of Selected Protease Inhibitor Phosphonate Prodrugs and Intracellular 
Metabolites: 

-1596- 



wo 03/090690 



PCTAJS03/12901 




CH3 



Table 4: 



GS 
No. 


Rl 


R2 


ECso 
(nM) 


8373 


OH 


OH 


4,800±1,800 


16503 


HNCH(CH3)COOBu 


HNCH(CH3)COOBu 


6.0±1.4 


16571 


OPh 


HNCH(CH3)COOEt 


15±5 


17394 


OPh 


OCH(CH3)COOEt 


20±7 


16576 


OPh 


HNCH(CH2CH3)COOEt 


12.6+4.8 


MetX 


OH 


HNCH(C3l3)COOH . 


>10,000 


Met 
LX 


OH 


OCH(CH3)COOEt 


1750±354 



10 



A significant uptake and conversion of all 3 conopounds in all cell types was observed (Table 
4). The uptake in the quiescent PBMC was 2-3-fold greater than in the stimulated cells. GS- 
16503 and GS-16571 were metabolized to Metabolite X and GS-8373. GS-17394 



metabolized to the Metabolite LX. Apparent intracellular half-lives were similar for all 
metabolites in aU cell types (7-12 hr). A p^sistence of Total Acid Metabolites of Protease 
Inhibitor Prodrugs in Stimulated (A), Quiescent PBMC (B) and MT-2 Cells (Q (1 hr. 10 uM 
Pulse, 24 hr Chase) was observed. 



2. Uptake and Persistence in Stimulated and Quiescent T-cells 

Since HIV mainly targets T-ljrmphocytes, it is inq>ortant to establish the uptake, metabolism 
15 and persistence of the metabolites in the human T-cells. In order to estimate the relative 

intracellular levels of the different PI prodrugs, GS-16503, 16571 and 17394 were incubated 
at 10 pM for 1 hr with quiescent and stimulated T-cells (pulse phase). The prodrugs were 
conq>ared with a non-prodrug PI, nelfinavir. Ait^ incubation, the cells were washed, 
resuspended in the cell culture media and incubated for 4 hr (chase phase). At specific time 
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points, the cells were washed, tysed and the lysates were analyzed by HPLC with UV 
detection. The san^le preparation and analysis were similar to the ones described for Mr-2 
cells, quiescent and stimulated PBMC 



10 



15 



Table 5 demonstrate the levels of total acid metabolites and corresponding prodrugs in T- 
cells following puke/chase and continuous incubatioiL There was significant cell 
uptake/metabolism in T-lymphocytes. Th^e was no ^parent difference in uptake between 
stimulated and quiescent T-lyn^hocytes. There was significantly higher uptake of 
phosphonate PTs than nelfinavir. GS 17394 demonstrates higher intraceUular levels than 
GS16571 and GS 16503. The degree of conversion to acid metabolites varied between 
different prodrugs. GS-17394 demonstrated the highest degree of conversion, followed by 
GS- 16503 and GS-16571. The metabolites, generally, were an equal mixture of the mono- 
phosphonic acid metabolite and GS-8373 except for GS- 17394, where Metabolite LX was 
stable, with no GS-8373 formed. 



Table 5, Intracellnlar Levels of Metabolites and Intact Prodrug Following Continuous 
and 1 hr Pulse^4 hr Chase Incubation (10 fiM/O.? mLn ceDs/l mL) of 10 jiM PI 
Prodrugs and NeljQnavir with Quiescent and Stimulated T-cell 



Compound 


Time 
(h) 


Continuous Incubation 


1 far Pulse /4 hr Chase 


Quiescent T-cells 


Stunulated T-cells 


Quiescent T-cells 


Stimulated T-cells 


Acid Met 

(MM) 


Prodrag 

(MM) 


Acid Met 
(pM) 


Prodrug 
(MM) 


AcidM^ 
(MM) 


Prodrug 
(MM) 


Acid Met 
(MM) 


Prodrag 


(MM) 




0 


1180 


42 


2278 


0 


2989 


40 


1323 


139 


16503 


2 


3170 


88 


1083 


116 


1867 


4 


1137 


31 




4 


5262 


0 


3198 


31 


1054 


119 


1008 


0 




0 


388 


1392 


187 


1417 


1042 


181 


858 


218 


16571 


2 


947 


841 


1895 


807 


1170 


82 


1006 


35 




4 


3518 


464 


6147 


474 


1176 


37 


616 


25 




0 


948 


1155 


186 


1194 


4480 


14 


2818 


10 


17394 


2 


7231 


413 


3748 


471 


2898 


33 


1083 


51 




4 


10153 


167 


3867 


228 


1548 


39 


943 


104 




0 




101 




86 




886 




1239 


Nelfinavir 


2 




856 




846 




725 




770 




4 




992 




1526 




171 




544 



20 
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3. PBMC Uptake and Metabolis m of Selected PI Prodrugs R>llowm|g 1-hr Incubation in MT- 
2 Cells at 10. 5 and 1 [iM 

To were similar to the determine if the cell uptake/metabolism is concentration dependent, 
selected PPs were incubated with the 1 mL of MT-2 ceU suspension (2.74 mLn ceHs/mL) for 
1 hr at ST'^C at 3 different concentrations: 10, 5 and 1 jiJVL PbDowing incubation, cells were 
washed twice with the cell culture medium, lysed and assayed using HPLC with UV 
detection. The san^ple preparation and analysis ones described for MT-2 cells, quiescent and 
stimulated PBMC. Intracelhilar concentrations were calculated based on cell count, a 
published single ceD vohune of 0338 pi for MT-2 cells, and concentrations of analytes in cefl 
lysates. Data are shown in Table 6. 

Uptake of aU three selected PTs in MT-2 cells appears to be concentration-independent in the 
1-10 nM range. Metabolism (conversion to acid metabolites) appeared to be concentration- 
dependent for GS-16503 and GS-16577 (3-fold increase at 1 pM vs. 10 pM) but independent 
for GS-17394 (monolactate). Conversion bom a respective metabolite X to GS-8373 was 
concentration-independent for both GS-16503 and GS-16577 (no conv^sion was observed 
for metabolite LX of GS-17394).' 



Table 6. Uptake and M^bolism of Selected PI Prodrugs FoUowii^ 1-hr Incubation i 
MT-2 Cells at 10, 5 and 1 yM. 





Extracellular 


Cell-AsSosiated Prodrug and Metabolites 


% 


Conq>ound 


Concentration, 


Concentration, 




ConvCTsion 














to acid 






Metabolite X 


GS8373 


Prodrug 


Total 


metabolites 




10 


1358 


0 


635 


1993 


68 


GS-17394 


5 


916 


0 


449 


1365 


67 




1 


196 


0 


63 


260 


76 




10 


478 


73S 


2519 


3235 


22 


GS-16576 


5 


250 


148 


621 


1043 


40 




1 


65 


36 


61 


168 


64 




10 


120 


86 


1506 


1712 


12 


GS-16503 


5 


58 


60 


579 


697 


17 




1 


12 


18 


74 


104 


29 
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* For GS 16576, MetaboHte X is mDno-aminobiityric acid 

4. PBMC Uptak e and Metabolism of Selected PI Prodrugs FoUowing l>hr Incubation in 
Human Whole Blood at 10 p M. 

5 

In order to estimate the relative intracellular levels of the different PI prodrugs under 
conditions simulating the in vivo environment, conq)ounds representative of three classes of 
phosphonate PI prodrugs - bisamidate phosphpnate (GS-16503), monoamidate phenoxy 
phosphonate (GS-16571) and monolactate phenoxy phosphonate(GS- 17394) were incubated 

10 at 10 nM for 1 hr with intact human whole blood at 37°C. After incubation, PBMC were 
isolated, then lysed and the lysates were analyzed by HPLC with UV detection. The results 
of analysis are shown in Table 7. There was significant cell uptake/metabolism following 
incubation in whole blood. There was no apparent difference in uptake between GS-16503 
and GS-16571. GS-17394 demonstrated significantly higher intracellular levels than GS- 

15 16571 aad GS-16503. 



The degree of conversion to acid metabolites varies between different prodrugs after 1 hr 
incubation. GS-17394 demonstrated the highest degree of conversion, followed by GS-16503 
and GS-16571 (Table 7). The metabolites, generally, were an equimolar mixture of the 
20 mono-phosphonic acid metabolite and GS-8373 (parent acid) except for GS-17394, where 
Metabolite LX was stable with no GS-8373 formed. 

Table 7. PBMC Uptake and Metabolism of Selected PI Prodrugs Following 1-hr 
Incubation in Human Whole Blood at 10 jxM (Mean ± SD, N=^). 

25 





Intracellular Prodrug and 


Major 


GS# 


Metabolites Concentration, 


Intracellular 










Metabolites 




Acid Metabolic 


Prodrug, \iM 


Total, pM 




16503 


279 ± 47 


61 ±40 


340 ±35 


X , GS-8373 


16571 


319 ±112 


137 ± 62 


432 ± 208 


X, GS-8373 


17394 


629 ± 303 


69 ±85 


698 ± 301 


LX 
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5. Efet ribution of PI Prodrug s in PBMr 

In order to compare distribution and persistence of PI phosphonate prodrugs with those of 
non-prodrug PFs. GS-16503. GS-17394 and nelfinavir. were incubated at 10 mM for 1 hrwith 
PBMC (pulse phase). After incubation, the cells were washed, resuspended in the cefl culture 
media and incubated for 20 more hr (chase phase). At specific time points, the cells were 
washed and lysed. The cell cytosol was separated from membranes by centri&gation at 9000 
xg. Boflj cytosol and membranes were extracted with acetonitrile and analyzed by HPLC 
with UV detection. 

Table 8 shows the levels of total acid metabolites and conresponding prodrugs in the cytosol 
and membranes before and after tiie 22 hr chase. Both prodrugs exhibited complete 
conversion to the acid metabolites (GS-8373 and X for GS-16503 and LX for GS-17394, 
respectively). The levels of the acid metabolites of the PI phosphonate prodrugs in the ' 
cytosol fraction were 2-3-fold greater than those in the membrane fraction after tiie 1 hr pulse 
and lO-foH greater after the 22 hr chase. Nelfinavir was present only in tiie membrane 
fractions. The uptake of GS-17394 was about 3-fold greater tiian tiiat of GS-16503 and 30- 
fold greater than nelfinavir. llie metabolites w«e an equimolar mixture of metabolite X and 
GS-8373 (parent add) for GS-16503 and only metabolite LX for GS-17394. 
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Table 8. Uptake and CdB Distribution of Metabolites and Intact Prodrug FoUo^g 
Continuous and 1 hr Pulsed hr Chase Kacubation of 10 jiM PI Prodrugs and 
Neffinavir with Quiescent PBMC 





Cell 
Type 


Eraction 


Cell-Associated pmol/mln cells 


1 hr Pulse/ 0 hr Chase 


1 hr Pulse/ 22 hr Chase 


Acid 


Prodrug 


Acid 
iVietaDoiites 


Prodrug 


GS-16503 
GS-16503 


PBMC 
PBMC 


Membrane 


^8 
390 


~ 0 
0 


9 

130 


0 
0 


Cytosol 


GS-17394 


PBMC 


Membrane 


335 


0 


26 . 


0 


GS-17394 


PBMC 


Cytosol 


894 


0 


249 


0 


Nelfinavir 


PBMC 


Membrane 








25 


Nelfmavir 


PBMC 


Cytosol 




0 




0 



Uptake and cell distribution of metabolites and intact prodrugs following 1 hr pulse/22 hr 
chase incubation of 10 PI prodrugs and NeUSnavk with quiescent PBMC were measured. 



6. PBMC Extract/Pop Plasma/Human Senim Stability of Selected PI Prodrugs 

The in vitro metabolism and stability of the PI phosphonate prodrugs were determined in 
PBMC extract, dog plasma and human serum (Table 9). Biological samples listed below 
(120 nL) were transferred into an 8-tube strip placed in the aluminum 3TC heating 
block/holder and incubated at 37°C for 5 min. Aliquots (2.5 pL) of solution containing 1 
mM of test con^pounds in DMSO, were transferred to a clean 8-tube snip, placed in the 
aluminum ST'^C heating block/holder. 60 jiL aUquots of 80% acetonitrile/20% water 
containing 7.5 |iM of anq)renavir as an internal standard for HPLC analysis were placed into 
five 8-tube strips and kept on ice/reftigerated prior to use. An enzymatic reaction was started 
by adding 120 jiL aliquots of a biological sample to the strip with the test con5)ounds usmg a 
multichannel pipet. The strq) was immediately vortex-mixed and the reaction nuxture (20 
llL) was san5)led and transferred to the Internal Standard/ACN strip. The sample was 
considered the time-zero sample (actual time was 1-2 min). Then, at specific time points, the 
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reaction mixture (20 fiL) was sanq>led and transferred to the corresponding IS/ACN stiip. 
Typical sanipling tinoes were 6, 20, 60 and 120 min. When all time points were sanq>led, an 
80 \iL aliquot of water was added to each tube and strips were centnfuged for 30 min at 
300QxG. The supematants were analyzed with HPLC under the following conditions: 

5 

Column: Inertsil ODS-3, 75 x 4.6 mm, 3 pm at 40''C. 
Mobile Phase A: 20 mM anamonium acetate in 10%AC3^/90%water 
Mobile Phase B 20 mM ammoniimi acetate in 70%ACN/30%watCT 
Gradient: 20% B to 100% B iu 4 min, 2 min 100% B, 2 min 20% B 
10 Flow Rate: 2 miymin 

Detection: UV at 243 nm 
Run Time: 8 min 

The biological samples evaluated were as follows: 

15 PBMC cel l extract was prepared from fresh ceUs using a modified published procedure (A. 
Poii5>oD, I. Lefebvre, J-L. Inibach, S. Kahn, and D. Farquhar, Antiviral Chemistry & 
Chemotherapy, 5, 91 - 98 (1994)). Briefly, the extract was prepared as following: The cells 
were separated from their culture medium by centriftigation (1000 g, 15 mm ambient 
temperature). The residue (about 100 pL, 3.5 x 10^ cells) was resuspended in 4 mL of a 

20 buffer (0.010 M HEPES, pH 7.4, 50 mM potassium chloride, 5 mM magnesium chloride and 
5 mM dl-dithiothreitol) and sonicated. The lysate was centrifiiged (9000 g, 10 min, 4°Q to 
remove membranes. The upper layer (0.5 mg protein/mL) was stored at -70°C. The reaction 
mixture contained the ceU extract at about 0.5 mg protein/mL. 

Hnman sf^niin (pooled normal human serum from George King Biomedical Systems, Inc.). 
25 Protein concentration in the reaction mixture was about 60 mg protein/mL. 

Dog Plasma (pooled normal dog plasma (EDTA) from Pel Freez, Inc.). Protein 
concentration in the reaction mixture was about 60 mg protein/mL. 
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Table 9; PBMC Extract/Dog Plasma/Human Senim Stabilify of Selected PI 
Prodrugs 



GS# 


PBMC 
Extract* 
Ti/2,inin 


Dog 
Plasma 
Ti>2, inin 


Human 
Serum 
Tiy2,mm 


rilv nCso 
(dM) 


16503 


2 


368 


»400 


6.0 ±1.4 


16571 


49 


126 


110 


15 ±5 


17394 ■ 


15 


144 


49 


20±7 
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Example Section P 

Table 10 : Fnz ymatic and Cellular data 
Fbmmla II ALPPI activity 



H =" 



Amprenavir 



■NH 



2 




KiFpMI 

^10 +++ 

> 10 to ^ 100 ++ 

> 100 to ^ 1,000 + 

> 1,000 

ECsn fnM] 

^50 +++ 
>50to^500 ++ 

> 500 to ^ 5,000 + 

> 5,000 

I50V and T84V/L90M fold chanp a 

>30 +++ 

> 10 to < 30 ++ 
>3to<10 + 
^3 

CC^ruMl 

^5 ++ 

> 5 to < 50 + 
>50 
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Compound 


Ki 
(vM) 


iiCso 


I50V (#1) 


KOV 

[WZ) 

fold 
change 


I84V/L90 

Ayr 

fold 

change 


CC50 
(pM) 

• 


OaUUiriaVir 


t t 
"T-r 




— 




+++ 






1 


• 


— 


+ 


•H-+ 




JXIUlUAVll 


t 

T 


1 1 1 




+ 


+++ 




JxllOUaVir 






++ 


++ 


+++ 




XmAJIJIIICL V IX 


1 t 






ft A ft 

+++ 


II 




Amprenavir 


+ 


Ml 


+++ 


+++ 






Atazanavir 


■H- 








+++ 




Tipranavir 


++ 


++ 






+ 




94-003 


-f-H- 


+++ 


+++ 


+++ 


'I "1' 


+ 


TMC114 


+++ 


+++ 


-H- 


++ 
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Pl-Phosphonic acid and esters 




CH- 



Rl 


R2 


Ki 
(pM) 


(nM) 


IDV V [itl ) 

fold change 


• lo4V/L,yOM 

fold change 


CC50O1M) 


OH 


OH 
v/xx 


» 1 I 


+ 




— 


— 


OMe 


OMe 


++ 


1 II 








OEt 


OEt 


+++ 


+++ 








OCH^3 


OCH2CF3 


• ++ 










OiPr 


OiPr 


++ 


+++ 








OPh 


OPh 




+++ 








OMe 


OPh 


++ 










OEt 


OPh 


+++ 


111 
1 1 1 








OBn 


OBn 


++ 


+++ 






+ 


OEt 


OBn 


++ 








++ 


OPoc 


OPoc 




+ 








OH 


OEt 




++ 








OH 


OPh 


4-f+ 










OH 


OBn 




+ 
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Pl-Phosphonic acid and esters 




OH 



Rl 


R2 


Ki 

(pM) 


EC50 
(iM) 


I50V (#1) 
fold change 


I84V/L90M 
ibid change 


CCsoOjM) 


OH 


OH 


+++ 


+ 








Et 


5 


+++ 


+++ 









PI -Direct phosphonic acid and esters 




Rl 


R2 


Ki 
(pM) 


EC50 
(dM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change' 


CCso\lM 


OH 


OH 


++ 










OEt 


OEt 


+++ 


+++ 


+ 
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Pl-CHa-phosphonic acid and esters 



H 



OH 





CH. 



O 

H2I-R2 



Rl 




(pM) 


EC50 
itM) 


KOV (#1) 
fold change 


I84V/L90M 
fold change 


CCsopM 


Oil 


OH 


+++ 


+++ 


+ 


+ 
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P 1 -P-B is amidates 




Rl 

ANA 




ITi 

(pM) 


(nM) 


IDUV {Ifi) 

fold change 


lo4V/L90M 
fold change 


llM 


NHEt 


MHEt 


+++ 


++ 








Gly-Et 


Gly-Et 


++ 


++ 








Gly-Bu 


Gly-Bu 


+4+ 










Ala-Et 


Ala-Et 


'4" 'I* 


++ 








Ala-Bu 


Ala-Bu 


++ 


1 t 1 
III 


+ 






Aba-Et 


Aba-Et 


+++ 


+++ 








Aba-Bu 


Aba-Bu 


+++ 


III 
1 11 




+ 




Val-Et 


Val-Et 


+ 


+++ 

* * 








Leu-Et 


Leu-Et 


++ 


+++ 








Leu-Bu 


Leu-Bu 


++ 


++ 


+ 


+ 




Phe-Et 


Phe-Et 




^..^.^ 








Phe-Bu 


Pbe-Bu 




+++ 









Pl-P-Bislactates 




Rl 


R2 


Ki 
(pM) 


EC50 

(nM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CC50 


Gk-Et 


Glc-Et 


•H-+ 


+ 








Lac-Et 


Lac-Et 


++ 


++ 








Lac-iPr 


Lac-iPr 


++ 


lit 

ITT 
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PI -P-Monoamidates 
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Pl-P-Monolactates (1) 
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Pl-P-Monolactates (2) 




o 






OCH3 



p 1 


KZ 


ivi 
(pM) 


(nM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CC50 
pM 


OPh 


mix-Hba-Et 


++ 


+++ 


+ 


— 




OPh 


(S)Hba-Et 


+ 


+++ 








OPh 


(S)Hba-*tBu 




+++ 








OH 


(S)Hba-OH 


++ 










OPh 


(R)Hba-Et 




+++ 








OPh 


(S)MeBiit-Et 




+++ 








OPh 


(R)MeBut-Et 




1 1 i 








OPh 


DiMePro-Me 


++ 










OPh 


(S)Lac-EtMor 












OPh 


(S)Lac-PrMor 












OPh 


(S)Lac-EtPip 
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Pl-P-Monolactates (3) 




CH3 



Rl 


R2 


Ki 
(pM) 


EC50 
(dM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CCsoHM 


OPh— <^i-But 


(S)Lac-Et 




+++ 










(S)Lac-Et 




++ 

— * 








OPb — p-n-But 


(S)Lac-Et 




III 
11 1 








OPh-m-COOBn 


(S)Lac-Et 




4+ 








OPh-w-COOH 


(S)Lac-Et 




++ 








OFh-m-CiyyH 


(S)Lac-Et 




' 1" 1" 


— 


— 




OPh-in-CHaNIfc 


(S)Lac-Et 


' r 1" 


++ 








\Jjrii-m~ 

CH2NMe2 


/0\T T?*. 




+ 








OPh-m-CHzMor 


(S)Lac-Et 




++ 








OPli-7n-CH2pip 


(S)Lac-Et 




++ 








OPh-iw- 
CH2NMeC20M 


(S)Lac-Et 




++ 








OFh-o-OBt 


(S)Lac-Et 




+++ 










(S)Lac-£t 




"4*4 






* 


OPtp 


(S)Lac-Et 




+ 








OMor 


(S)Lac-Et 
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Pl-C2H4-P-Moiiolactates 



OH 




o 




Rl R2 



Rl 


R2 


Ki 
(pM) 


EC50 

(qM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CC50MM 




:2H40Bn , 




+++ 








OEt 






+++ 








OPh 


Lac-Et 




++ 








OH 


OH 


t 1 
1 T 










OH 


Lac 


++ 
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Pl-CHzN-P-diester and monolactate (1) 

OH 



Ri 



Et 



H 




O 




O 

II 



CH2-NHCH2CH2l?-ORi 

OR2 



R2 



Et 



H 



Ki I EC50 I I50V (#1) I I50V (#2) I I84V/L9M 
(pM) I (nM) I fold fold change fold 

change | j chang e 



CCso 
MM 



Ph 



Lac-Et 



++ 



Ph 



Lac-Et 



Ph 



Lac-Et 



Ph 



Aba-Et 



Ph- 
oEt 



Lac-Et 



++ 



Ph- 
dM 



Lac-Et 



+++ 



Ph- 
dM 



Lac-Pr 



+++ 



H 



Ph 



Lac 



Hba-Et 



Ph 



Hba-Et 



•H- 



Ph 



H 



Hba-Et 



Hba 



++ 



-1616- 



wo 03/090690 

Pl-CH2N-P-^ester and monolactate (2) 
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OCH: 



CH 



O 
li 



CH2-NCH2CH2I? OR1 

OR2 



Ri 


R2 


Ki 

(pM) 


ECs) 
(nM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CCs 
OfiM 


Ph 


Lac-Et 


+ 


++ 


+ 


+ 




H 


H 


++ 











Pl-CH2N-P-diester and monolactate (3) 



H 



CH=N-0-CH2l?— ORt 

OR2 



Ri 


R2 


Ki 
(pM) 


EC50 
(nM). 


KOV (#1) 
fold change 


I84V/L90M 
fold change 


CCsoMM 


Et 


Et 


++ 


Ill 
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Pl-N-Pl-Phosphonic acid and esters (1) 

H ^" 

6^ 



Rl 


Ki 

(pM) 


EC50 
(nM) 


I50V (#1) 

lOiCl 

change 


I84V/L90M 

loia cnangc 


CC50IIM 


o 




++ 








V_/ OR 




1 1 








, . o 

N-Ofe-P-CDH 
^ — ^ OH 












^ — ' OB 


1 1 


I I t. 
Ill 


















- 


. . o 

^—i N-CH^-P-OH 












. ^ o 


+ 


"1" 1 








|— ^ N-CiHjP-OBn 

ORn 


++ 


+++ 




+ 




o 

N-C2H4P-OPh 












O 

|"\N-C2H4P-OH 

Ian 












— w O 
\-\ N-C2H4P-OH. 












|-N >-C2H4P-OEt 
^ — ' OB 


+ 


+++ 




+ 
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Pl-N-Pl-Phosphonic add and esters (2) 

Q*\On^ / \ 



Rl 


Ki 
(pM) 


(dM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


C&nliM 


0 


+ 


+ 




+ 




0 

n 


++ 


+++ 




+ 




0 


-H- 


+++ 








O 

? ^ Ala-Et 


++ 


•H- 








0 




+++ 








o 


++ 


+++ 




+ 




0 

Me II 




+++ 




— 




> OB 




+++ 




++ 


















+ 


+++ 


+++ 






















+++ 


"J" I* 


+ 
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Pl-N-Pl-Phosphonic add and esters (3) 

6^ 



Rl 


Ki 
(pM) 


(dM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 




„ o 

/=\ II 

IVy"^ OEt 


++ 


+++ 


+ 






t /— ^ >CH2-P-OPh 
|n(3^ Lac-B 


+ 


++ 


+ 


+ 




t /— ^["^OCHg-P— OPh 


+ 


++ 


+ 


+ 






+ 






* 
















y=v O 
OEt 
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Pl-N-Pl-Phosphonic acid and esters (4) 

H 9" 



Rl 


Ki 
(pM) 


EC50 

(dM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CCsopM 


y==v ^ 

|i^NHCH2-P-OH 
^ — ^ OH 


+++ 










s\ yNHCHg-P-OEt 
^ — ^ OEt 


+++ 


+++ 


— 


— 




VnHCH2— P-OBn 
CBn 


++ 


+++ 


+ 


— 




^ — ^ Ala-iPr 


++ 


+++ 




- 




^ — ^ Ala-iPr 




++ 








VnhCH2— P-OPh 
Ala-iPr 


+++ 


+++ 








H >NHC2H4-P-0Ph 

Lao-Q 




+++ 


++ 






|^^^NHC2H4— P-OPh 

Lac-Et 




+++ 








^ ^ OH 












\\ >NHC2H4— P-OH 
^ — ' lac 


++ 
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PI- P-cyclic moDolactate 




Ri 


R2 


Ki 
(pM) 


EC50 
(dM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CC50MM 






nd 


nd 












nd 


nd 
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Pr-N-Pl-Phosphonic acid and esters 



H 






Rl 


R2 


Ki 
(pM) 


EC50 

(nM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CC50HM 


CH3 




++ 


-HH- 


+4- 


+ 




OH 






+++ 


— 


— 




CH2OH 




+++ 


+++ 


— 


— 




OBn 




+++ 


+++ 








OH 


■ 




■l" V 








OBn 


\ 




+++ 
















+ 


+ 








+ 


++ 


+ 


+ 




OH 


















++ 














++ 














++ 


++ 












+ 








i 
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Pr-Phosphonic acid and esters 



H 
N 



OH •■•1 





I 



OCH3 



Rl 


Ki 
(pM) 


EC5O 

(nM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CCsopM 


X5 


++ 


+++ 










+++ 


+++ 


+++ 


+++ 




0 

> OH 




+ 




+++ 




0 

>L-0^P-PEI 
• OEt 


+++ 


+++ 




ill 
III 




0 

>L.O-^P-OBn 
• OBn 


i * t 

III 






■ 1" 




0 

r OH 


t t- 

t fr 


++ 


++ 


++ 




0 

^O""^ -P-OBn 

> 6Bn 


++ 


+++ 


+-H- 


+++ 
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P2-Monofuraii-Pl-phosphoiiic acid and esters 

OH y~ 





R2 R2 



Rl 


R2 


Ki 
(pM) 


EC50 

(nM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CCsofiM 


OMe 


OH 






+++ 


+++ 




OMe 


OEt 


III 
III 


+++ 


i 1 t. 
Ill 


++ 




OMe 


OBn 




+++ 


++ 


++ 




OMe 


phenol 


4-H- 


+++ 


+++ 


+ 




OMe 


OEt 


++ 


+44- 


+++ 


4+ 




NH2 


phenol 


+ 


++ 


+ 






NH2 


OH 








+ 




MHz 


OBn 


++ 






+ 





P2-Monofuran-Pl -P-monoamidates 




NH2 



Rl 


R2 


Ki 

(pM) 


EC50 
(dM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CCsopM 


OPh 


Ala-iPr 


++ 


++ 




+ 




OPh 


Ala-iPr 


++ 


++ 








OPh 


Ala-iPr 


+ 


•H- 
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P2-Other modifications-Pl-phosphonic acid and esters 




Rl 


R2 


Ki 
(pM) 


EC50 

(sM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CC50MM 




pncxiyi 


1 

-r 


i 1 1 


1 t 1 

V'y r 


1 ■ 

TT 






phenol 


+ 


++ 


++ 


+ 






OH 






++ 








OBn 


+ 


++ 


+ 








phenyl 


+ 


++ 




+ 




HoO/ 


OH 


+ 




++ 


+ 






OBn 


+ 


■H- 


+++ 


+ 






phenyl 




++ 




++ 






phenol 


+ 


+ 










OH 


+ 












OBn 


++ 


++ 


+ 
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ivl 


"DO 


Kl 

(pM) 


(nM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CC50MM 


OH 


P-NH2 


++ 


++ 


— 


— 










— 


+ 


— 






/7-NH2 


++ 


-HH- 




— 






P-NO2 




+++ 




— 






ISTHRt 


++ 


+++ 












++ 


+++ 








OH 




++ 














++ 


+ 










m-NH2 


++ 


++ 










m-NH2 


++ 


+++ 










m-NHa 


+ 


++ 










m-NH2 


++ 


++ 










/n~NH2 


+ 


++ 
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P2'-Substituted-Pl-phosphonic acid and esters (1) 

OH ^ 



H 
N 





Rl 


X 


Ki 
(pM) 


EC50 

(nM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CCsopM 




/?-OH 


111 


+ 










p-OH 


+++ 












/7-OH 


++ 
















-t-T-r 














4-4- 










z7-OBn 
















++ 














++ 


+++ 




+ 






/;-H 




+++ 


+ 


+ 




? BvLac TEh 


/?-H 














p-H 


++ 












p-F 


++ 


+ 










p-F 




1 1 1 
III 




+ 






p-F 




+++ 


+ 


+ 






p-F 




++ 


+ 


+ 






p-F 


++ 












P-CF3 


+++ 


+ 










p-Cpj 


++ 


+++ 










p-OC3^ 


++ 


+ 










P-OCF3 


++ 


+++ 




+ 
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+++ 
























/^•Pip- 
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P2'-Substituted-Pl-phosphomc acid and esters (2) 

OH ^ 



V^v o ^ 





Rl 


X 


Ki 
(pM) 


EC50 
(dM) 


I50V (#1) 
fold cbange 


I84V/L90M 
fold change 


CC50 




m-Py 


++ 


+++ 










m-Py 


■H- 












m-Py 


++ 


++ 


+ 


— 






m-Py 


++ 












m-Py 


++ 












TO-Py-Me* 




+ 










m-Py-Me* 














m-Py-oxide 




++ 










m-Py-oxide 


++ 












m-Py-oxide 


++ 


++ 








^ 0 


m-Py-oxide 


+ 




- 






. p 


m-py-oxide 












^Py-oxide 
















/m:ho 




+++ 














+++ 










P-CH2 0H 




+++ 










/^<:H2 0H 


++ 












/>-CH2 0H 


++ 












/><::H2Mor 














/?-CH2Mor 














p-CH2Mor 
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-A]lcylsulfonyl-Pl-phosphonic acid and esters 



Rl 


X 


Ki 
(pM) 


EC50 
(nM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CX^so 
pM 




















+ 


++ 









P2'-Carbonyl-substituted-Pl-phosphoiuc acid and esters 



X I . Ki I EC50 I I50V (#1) I I84V/I 

(pM) (dNO fold change foldcl 

__ _ 

o 



Rl 


X 


Ki 
(pM) 


EC50 
(nM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CC50 






















++ 














+ 
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P2*-Phosphomc acid and esters 



-5 5. 0 



H 
N 



OH 




^S— R 



R 


Ki 


EC50 


I50V (#1) 
fci\A change 


I84V/L90M 
fold change 


CC50 

uM 




+++ 


+++ 








o 


+++ 


+ 








o 


++ 











o 


"I"!' 


+++ 


++ 


r r 




o 


+ 




t t 1 
III 


+++ 




OH 


+++ 


+++ 


+ 


+ 




O Me 




+++ 


+++ 


++ 






++ 


++ 

» 


++ 


+ 






+++ 


+++ 


+++ 








++ 


+++ 


++ 


' 1 "I" 






+++ 


+++ 












++ 


+ 
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+ 
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+++ 


++ 








++ 


+ 
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P2'-P-Bisaiiiidate, monoamidate, and monolactate 

OH 



o 

n 








Ki 
(pM) 


ECso 
(nM) 


I50V (#1) 
fold change 


I84V/L90M 

fold change 


CCsoHM 


Ala-Bu 


Ala-Bu 


+ 




+ 


+ 




OPh 


Ala-iPr 


++ 










OPh 


Lac-iPr 


+ 


+ 








OH 


Ala-OH 


'1 " 1 











Pl-N-P2*-Phosphoiuc acid and esters 

H 




Ri 


R2 


Ki 
(pM) 


EC50 
(nM) 


I50V (#1) 
fold change 


I84VyL90M 
fold change 


CC50PM 


NO2 


phenol 




+++ 








NH2 


OH 


++ 










NH2 


OEt 


+ 


++ 




++ 




NH2 


OBn 


+ 


+ 




+ 




NMe2 


OEt 


++ 


+++ 




++ 




OH 


OH 


++ 










OH 


OBn 


++ 


++ 








OC2H4NMe2 


OH 


+++ 


+ 








OC2H4-NMe2 


OBn 


++ 


++ 
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Pl-N-P2'-P-Bisamidate and monoamidate 

QH 

NH2 






R2 


Ki 
(pM) 


ECso 
(dM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CCsoMM 


Ala-Bu 


Ala-Bu 


+ 


+ 








OPh 


Ala-iPr 


+ 










OPh 


AJa-iPr 


++ 











Pl-NEt-P2'-P-Bisainidate and monoamidate 



^^NHEt 

^ I Ki I EC50 I I50V(#1) I I84V/L90M | CCsopM 



Ri 


R2 


Ki 
(pM) 


EC50 
(nM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CCsoJiM 


OPh 


Ala-iPr 


+ 


+ 








OPh 


Ala-iPr 


+ 


+ 
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Phosphate prodrug of ampenavir 



H 



OP03Na2 
N 




NH. 



Ri 


R2 


Ki 
(pM) 


EC50 
(dM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CC50MM 








++ 









Phosphate prodrug of 94-003 



OPO3 



H 

N 






R2 


Ki 
(pM) 


ECso 
(nM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CC50MM 








+++ 









10 Phosphate prodrug of GS77366 (PI -mono(S)Lac-iPr) 



OPOaNaa 



5 5. o 






•0CH3 



o 

It 



OCH2P— Lac-iPr 
OPh 



Ri 


R2 


Ki 
(pM) 


ECso 
(nM) 


I50V (#1) 
fold change 


I84V/l^M 
fold change 


CCso^ 








+++ 
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Vafine prodrug of (Pl-iiiono(S)Lac-Et) 




o 
II 

OCH2I?— Lac-Et 
OPh 



Ri 


R2 


Ki 
(pM) 


EC50 
(nM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CCsoMM 








++ 









Valine prodrag of GS278053 (Pl-mono(S)Lac-Ea^'-CH20H) 

OH 




o 

II 

OCHalj'-Lac-Et 
OPh 



A 



Ri 


R2 


Ki 
(pM) 


(nM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CCsopM 








++ 
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Table 1 1: Enzymatic and Cellular Activity Data 
Fonmila Villa CCLPPI activity 




DMP-850 





F.n7:ymatic assay 


Cell-based assay (MT-4) EQo/ nM 


Stnicture^R 


(nM) 


wr 


84V9 
OM 

nM 


WT 


84V9 
OM 


3QN 
82188 
D 


48V54 
V82A 


48V54 
V82S 


48V82 
A90M 


46I50V 


H 

(DMP-850) 


0.033 


3.0 


9.1 


165 


819 


82 


82 


73 


45 


88 


p-OH 


0.029 


3.0 


12 


149 


143 


79 


32 


39 


19 


55 


p-OBn 


>5 


353 


781 


2123 


5312 


1548 


ND 


ND 


ND 


ND 


p-OCHzPOsBih 


>5 


276 


2042 


2697 


4963 


2119 


ND 


ND 


ND 


ND 


p-OCH2P03Et2 


>5 


627 


1474 


2480 


>600 
0 


1340 


ND 


ND 


ND 


ND 


p-OCH2P03lfe 


>5 


551 


1657 


>1200 

0 


ND 


ND 


ND 


ND 


ND 


ND 


m-OH 


0.128 


1.6 


12 


151 


475 


249 


84 






104 


m-OBn 


0.253 


6.9 


27 


218 


2422 


82 


709 


ND 


ND 


601 


m-OCH2P03Bn2 
(N-iPr indazole) 


1.54» 


31 


72 


489 


514 


237 


159 


171 


168 


708 


m-OCIfePOaBna 


0.177 


18 


43 


898 


>600 
0 


705 


2597 


ND 


ND 


3121 


m-OCH2P03Et2 


1.93« 


70 


169 


665 


3005 


93 


513 


ND 


ND 


857 


in-OCH2PQ3Hz 


0.254 


8.3 


33 


>1200 
0 


ND 


ND 


ND 


ND 


ND 


ND 
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m-OCIfcPQsPhz 


0^3 


10 


42 


1349 


>600 
0 


1541 


2183 


ND 


ND 


3380 


m-OCEyPOsHPh 


0.644 


17 


65 


1745 


>600 
0 


ND 


ND 


ND 


ND 


ND 


m-mono-Aia-Bu 


0.858 

a 


6.6 


39 


1042 


>600 
0 


425 


790 


ND 


ND 


797 


m-mcHi o Ala-Et' 




35 


68 


1436 


>600 
0 


219 


734 


ND 


ND 


1350 


m-mcmo-Lac-Bu 




15 


34 


2663 


>600 
0 


1089 


ND 


ND 


ND 


ND 


m-mano-Lac-Et 




23 


80 


2609 


>600 
0 


516 


5923 


ND 


ND 


>6000 


m-bis-Ala-Bu 


1.279 

a 


18 


103 


1079 


>600 
0 


2362 


1854 


ND 


ND 


1536 


m-bis-Ala-Et 


1.987 

a 


31 


202 


5620 


>600 
0 


1852 


ND 


ND 


ND 


ND 
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Enzymatic assay 


CeD-hased assay (MT-4) EQo/ nM 


Structure^ R 


(hM) 


wr 

IQ> 
o/ 

nM 


84V9 
OM 

ICso/ 
nM 


wr 


84V90 
M 


30N 
82IB8 

TV 

xJ 


48V5 
4V82 

A 


48V54 
V82S 


48V82A 
90M 


46150 
V 


H 

(DMP-850) 


0.033 


3.0 


9.1 


165 


819 


82 


82 


73 


45 


88 


O 


0.091 


3.4 


27 


1548 


>6000 


>6000 


ND 


ND 


ND 


ND 


o 


0.354 


3.3 


25 


168 


909 


750 


277 






489 


o 


0.157 


1.6 


10 


188 


476 


666 


240 






319 


O 


0.044 


5.0 


27 


491 


387 


234 


238 






192 


O 


0.362 


7.3 


70 


5141 


>6000 


4480 


ND 


ND 


ND 


ND 


o 


0.112 


1.4 


6.4 


603 


1276 


678 


208 






209 


o 


<0.03 


1.3 


7.5 


625 


708 


899 


301 






398 
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Enzymatic assay 


CeU-based assay (MT-4) ECso/ nM 


Structure, Rl 


Structure, 

K 


(nM) 


WT 

iQc/ 

nJVi 


84 
V9 

UJVl 

IC5 

0/ 
uM 


wr 


84V90 

Srx 


30N 
8D 


48V 

J*r V 

82A 


48V5 

s 


48V8 
M 


46I50V 


CO2H 






15 


174 


3055 


>6000 


887 


ND 


ND 


ND 


ND 


CONH(CH2)3P03Et2 




0.009 


1.1 


12 


65 


311 


74 


80 


75 


74 


85 


CO2H 






18 


299 


2344 


>6000 


3360 


ND 


ND 


ND 


ND 


CONH{CH2)3P03Et2 




<0.004 


2.3 


29 


176 


824 


171 


233 


ND 


ND 


195 


CO2H 


•txx 

H 


0.091 


3.4 


27 


1548 


>6000 


>600 
0 


ND 


ND 


ND 


ND 


CONH(CH2)3P03Et2 


H 


0.157 


1.6 


10 


188 


476 


666 


240 






319 
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Enzymatic assay 


Cell-based assay 0^^-4) ECso/ nM 


Structure* R 


(nM) 


wr 

IC5(/ 

dM 


84V90 
M 

IC50/ 
nM 


WT 


84V90 
M 


30N 
82I88D 


48V5 
4V82 
A 


48V5 
4V82 
S 


48V82 
A90M 


46150 
V 


CH3 
(DMP-851) 


0.033 


3.8 


9.4 


54 


918 


69 


33 


30 


22 


17 


OH 


0.65* 


6.1 


77 


356 


2791 


669 


294 


ND 


ND 


683 


OCHjPOaEtz 


1.230' 


23 


157 


356 


>6000 


145 


175 


ND 


ND 


138 


OCHzPOglli 


0.809 


59 


137 


1074 


>6000 


ND 


ND 


ND 


ND 


ND 


O-mono-Lac-Et 


>2.0 


93 


553 


>6000 


>6000 


ND 


ND 


ND 


ND 


ND 


0~monoLac-Bu 


>2.0 


25 


249 


>6000 


>6000 


ND 


ND 


ND 


ND 


ND 


CHbOH 


.0.017 


2.8 


31 


253 


1106 


486 


413 


ND 


ND 


524 


CQ20CH2FQ3Et2 


2.8 


13 


123 


119 


3295 


267 


430 


ND 


ND 


789 


CH2 OCR2PO3H2 




42 


205 


1757 


>4243 


ND 


ND 


ND 


ND 


ND 
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77546 277735 





Enzymatic assay 


Gen-based assay <>3T-4) EC50/ nM 


R Rl R2 


(nM) 


WT 
nM 


84V9 
OM 

nM 


wr 


84V9 
OM 


30N 
82188 
D 


48V5 
4V82 
A 


48V5 
4V82 
S 


48V8 
2A90 
M 


46150 
V * 








0.033 


3.0 


9.1 


165 


819 


82 


82 


73 


45 


88 








0.374 


5.8 


433 


193 


2312 


281 


705 


ND 


ND 


772 


H 


Ph 


H 




34 


631 


2492 


>600 


3360 


ND 


ND 


ND 


ND 


OH 




OH 




31 


397 


117 


5609 


756 


2266 


ND 


ND 


928 


OH 


Ph 


OCHoPOn 




9 


40 


33 


791 


92 


807 


1103 


1429 


53 


H 


Hi 


OCHoPO, 


0.656 


3.9 


48 


107 


2456 


293 


1438 


1899 


3292 


589 




JndsaxA 


H 


<0.01 


2.5 


13 


11 


22 


<8 


5.5 


8 


4 


4.0 




Indazol 


OH 


0.012 


0.6 


3.5 


>600 


2728 


7224 


ND 


ND 


ND 


ND 


OH 


Indazol 


OCH,PO« 


0.137 


1.1 


5.5 


1698 


1753 


1998 


NT) 


ND 


ND 


ND 


H 


Indazol 


OCH7PO, 


0.028 


1.4 


6.2 


57 


40 


68 


28 


26 


32 


27 
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N 



^HO bh/^ 





^izymatic Cell-based assay (MI-4) EC50/ nM 


R 


Rl R2 




WT 

IC5 

of 

nM 


84V9 
OM 

IC50/ 
dM 


WT 


84V9 
OM 


SON 
8218 
8D 


48V5 
4V82 
A 


48V5 
4V82 
S 


48V 
82A 
90M 


46150 
V 


— 








i.U 


9.1 


165 


819 


82 


82 


73 


45 


88 


OH 


Eh 


OCH2P03Et2 




9 


40 


33 


791 


92 


807 


1103 


1429 


53 


H 


Vh 


OCHsPOaEts 


0.656 


3.9 


48 


107 


2456 


293 


1438 


1899 


3292 


589 


0C5h 


Ph 


OCHiPOaEta 






















OH 


Pb-pOH 


OCH2P03Et2 


<0.01 


2.6 


18 


285 


1912 


211 


986 


ND 


ND 


1107 


H 


Ph-pOH 


C)CH2P03Et2 


0319 


2.1 


33 


65 


272 


90 


128 


198 


126 


144 


OCHj 


Ph-pOH 


OCH2lP0^t2 


0.045 


1.8 


17 


29 


146 


23 


67 


106 


48 


68 


OH 


Ph-mNH2 
/NHEt 


CX3l2PO^t2 




8.7 


67 


286 


1902 


562 


789 


1781 


684 


239 


H 




OCH2P03Et2 


0.126 


3.4 


39 


65 


328 


16 


168 


146 


74 


46 


OCH3 


Ph-mNHi 


OCMjPOsEtj 


<0.01 


3.6 


56 


63 


535 


18 


202 


117 


102 


36 


OCH3 


m- 
pyridine 


OCHzPOaEtz 








115 


765 


106 


1019 


970 


480 


352 
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Enzymatic assay 


CeU-based assay (MT-4) EC50/ nM 


R Rl R2 


(nM) 


WT 
IC5 
(/ 

nM 


84 

V9 

OM 

IC5 

0/ 
nM 


WT 


84V9 
OM 


30N 
82188 
D 


48V54 
V82A 

• 


48V5 
4V82 
S 


48V8 
2A90 
M 


46150 
V 








0.033 


3.0 


9.1 


165 


819 


82 


82 


73 


45 


88 


H 


Fh-mNft 


OCH2PQ3Et2 


0.126 


3.4 


39 


65 


328 


16 


168 


146 


74 


46 


OC 


Fb-mNft 


OCH2pQ3Et2 


<0.01 


3.6 


56 


63 


535 


18 


202 


117 


102 


36 


OC 
ft 


Ph-mNHz 


0(CH2)2P03E 
t2 


. 




















OC 
H» 


Fh-mNft 


OCONH 

(Cft)2PCbEt2 




11. 
3 


116 


74 


2265 


77 


262 


214 


215 


184 


OC 
ft 


Fh-mNft 


OOONH 
{Cft)PQ3Et2 




9.9 


85 


58 


2151 


68 


223 


203 


185 


104 


H 


Ri-pOH 


OCftPOaEtz 


0.319 


2.1 


33 


65 


272 


90 


128 


222 


146 


144 


OC 
ft 


Ph-pOH 


0CftP0^2 


0.045 


1.8 


17 


30 


148 


25 


70 


129 


54 


90 


OC 
ft 


Fh-pOH 


OCONH 

(CH2)2PO^t2 




6.6 


49 


33 


495 


31 


74 


51 


55 


223 








0.033 


3.0 


9.1 


165 


819 


82 


82 


73 


45 


88 


H 


Ph 


OCHzPOaEti 


0.656 


3.9 


48 


107 


2456 


293 


1438 


1899 


3292 


589 


H 


Ph 


OH 


0330 


15 


162 


1261 


>600 
0 


2952 


>6000 








H 


Fh 


OCftP03Bn2 


0.125 


7.4 


158 


1769 


>600 
0 


3135 


>6000 








H 


Ph 


OCH2PO3H2 


0.386 


9.7 


210 


>600 


>600 


ND 


ND 
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0 


0 












H 


Ph 


Mcmo-Iac-Et 


0.120 


6.6 


56 


1726 


>600 
0 


2793 


>6000 








H 


Fh 


Mono-Ala-Et 




5 


50 


310 


2943 


238 


2851 


1948 


2450 


1250 
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Enzymatic assay 


Cell-based assay (MT-4) ECs©/ nM 


Rl R2 


(nM 

) 


WT 

ICso 
/ 

WVX 


84V 

90 
M 

/ 

nM 


WT 


84V 
90M 


30N 
82188 

JLI 


48V 
54V 


48V54 
V82S 


48V82 
A90M 


4615 
OV 


Phenyl 


CCS 

H 


0.03 


3.0 


9.1 


165 


819 


82 


82 


73 


45 


88 


Phenyl 




0.42 


6.6 


85 


1226 


>600 


869 


774 


ND 


ND 


937 


Phenyl 


H 


0.37 


5.8 


43.3 


193 


2312 


281 


705 


ND 


ND 


772 


aenjd 


OH 




109 


>25 


>6000 


ND 


ND 


ND 


ND 


ND 


ND 


Phenyl 
























Phenyl 


H 






















Rieayl 


























oc 


1.43 


302 


114 


>600p 


>600 


ND 


ND 


ND 


ND 


ND 






>5 


>25 


ND 


5949 


ND 


ND 


ND 


ND 


ND 


ND 




CC 


>5 


130 


348 


2006 


3121 


ND 


ND 


ND 


ND 


ND 



All publications and patent applications cited herein are incorporated by reference to 
the same extent as if each individual publication or patent apphcation was specifically and 
individually indicated to be incorporated by reference. 

Although certain enabodiments have been described in detail above, those having 
ordinary skill in the art wiU clearly understand that many modifications are possible in the 
embodiments without departing from the teachings thereof. All such modifications are 
intended to be enconq)assed within the claims of the invention. 
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In the following claims, the subscript and superscripts of a given variable are distinct 
For example, Ri is distinct from R^. 

1. An HIV protease inhibitor compound comprising a phosphonate group. 

5 

2. An HTV protease inhibitor compound of claim 1 selected from: 
a Saquinavir-like phosphonate protease inhibitor compound, 

a Lopinavir-like phosphonate protease inhibitor compound, 

a Ritonavir-like phosphonate protease inhibitor compound, 
10 a Lidinavir-like phosphonate protease inhibitor compound, 

a Atazanavir-like phosphonate protease inhibitor compound, 

a Nelfinavir-like phosphonate protease inhibitor compound, 

a Tipranavir-like phosphonate protease inhibitor compound, 

a Amprenavir-like phosphonate protease inhibitor compound, 
15 a KNI-like phosphonate protease inhibitor compound, and 

a Cychc Carbonyl-Uke phosphonate protease inhibitor compound; 
and pharmaceuticaUy acceptable salts, hydrates, and formulations thereof. 
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3. 



A conqK)und selected from the Fonnulas: 
CR' A" H H 





O n A» X=QSO O 





A" IV OB? 




A° VI 



OH fiP 



AO 



vn 



Y1 



Ae 



V 



H 



rXy2 yZpx vmb 
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{Y^)m2 

pxyZ y2rx vmc and 




^ 

RxyZ vmd; 



wherran: 

a" is a', or with the proviso that the compound includes at least one A'; 
a' is: 




J M12b 



A^is: 



A^is: 




J M12b 




M12b 

» 

Y' is independenUy O, S, N(R='), NCOCR''), N(OR''), N(0)(OR''). or N(N(R^)( R*)); 
is independently a bond, O, N(R*), N(0)(R^), NCOR"), N(0)(OR='), N(N(R'')( R")), 
-S(0)m2-, or -S(0)m2-S(0)m2-; 

R" is independently H, R\ W\ a protecting group, or the formula: 
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15 



20 




Mia 

r3 T^2 



M12c 



MIc 



Mid 



is independently H, W , R or a protecting group; 
R^ is independently H or an alkyl of 1 to 18 carbon atoms; 

R^ is independently H, R\ R^ or R"* wh^in each R"^ is independently substituted with 
5 0 to 3 R^ groups, or taken together at a carbon atom, two R^ groups form a ring of 3 to 8 
carbons and the ring may be substituted with 0 to 3 R^ groups; 

R^ is R^^, R^^ R^ or R^, provided that when R^ is bound to a heteroatom^ then R^ is 
R^'orR^^; 

R^^ is F, a, Br, I, -CN, N3 or -NO2; 
10 R^^isY^ 

R^ is -N(R^)(R^), -SR\ -S(0)R\ -S(0)2R^ -S(0)(OR^), ^(OMOR^X 
-OC(Y^)R*, -OC(Y^)OR^ -OC(Y^)(NCR0(R^)). .SC(Y^)R^ ^C(Y^)OR\ 
-SC(Y')(N(R")(R^)), -N(R^)C(Y')R^ .N(R")C(Y')0R% or -N(R^)C(Y')(N(RW)) ; 

R^ is -C(Y^)R\ -C(Y^)OR* or -C(Y^)(N(R^)(R*)); 

R"* is an alkyl of 1 to 18 carbon atoms, alkenyl of 2 to 18 carbon atoms, or alkynyl of 
2 to 18 carbon atoms; 

R^ is R** wherein each R"* is substituted with 0 to 3 R^ groups; 
W^isW^orW^ 

is R^ -C(Y^)R^ <:(Y^)W^ -S02R^, or -SO^W^ 

is carbocycle or heterocycle wherein is independently substituted with 0 to 3 
R^ groups; 

W is W independently substituted with 1, 2, or 3 A groups; 
W is a heterocycle bonded through a nitrogen atom of said heterocycle and 
independently substituted with 0, 1 or 2 groups; 
25 M2is0, lor2; 

M12a is 1, 2, 3, 4, 5, 6. 7, 8, 9, 10, 11 or 12; 
M12b is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12; 
Mia, Mlc, and Mid are independently 0 or 1; and 
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M12c is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12. 



4. A compound of claim 3 selected from: 
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A compound of claim 3 selected £rom: 



PCT/DS03/12901 




6. A compound of claim 3 selected 



H OH A^ 




from: 
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.1653> 



wo 03/090690 PCT/DS03/12901 

A compound of claim 3 selected from: 




8. A compound of claim 3 selected from: 
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A compound of claim 3 selected from: 




and 



10. A compound of claim 3 selected from: 
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A compound of claim 3 selected from: 




rxy2 y2r'' and 




12. A compound of claim 3 selected £rom: 

■ • - * 




RXyS y2rx and r^Y^ Y^R" . 
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13. A compound of claim 3 selected from: 




15. A compound of claim 3 wherein A^ is of the formula: 




Ml 2b 
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16. A compound of claim 15 wherein A is of the foimula: 




M12£ 

M12b 




18. A compotind of claim 17 wherein A is of the formula: 




and W ^ is a carbocycle or a heterocycle where W is independently substituted with 
0 or 1 groups- 

19. A compound of claim 18 wherein M12a is 1. 
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20. A compound of claim 3 wh^in is of the foxmula: 




M12b 



21. A compound of claim 20 wherein A is of the fonnula: 




Ml 2a 



10 



22. Hie compound of claim 21 wherein A^ is of the formula: 




Ml 2a 



Y**isOorS;and 
is O, NCR') or S. 
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23. Hie compound of claim 22 wherein A' is of the foimula: 




andY^isOorN(R*). 



M12a 



24. The compoimd of claim 23 wherein is of the fonnula: 




R2 r2 



10 



25. The conq)ound of claim 23 wherein A^ is of the formula: 




Ml 2d 

R' is independently H or alkyl of 1 to 18 carbon atoms; 

Y^isOorN(R*);and 

M12d is 1, 2, 3, 4, 5, 6, 7 or 8. 
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26. lliecompoimdof claim2S wheieinA^isof tbefomula: 




M12d 



Y^isOQrN(R^);and 
Mi2d is 1, 2, 3, 4, 5. 6, 7 or 8. 



27. ITie compound of claim 26 wherein M12d is 1 . 



28. Hie compomid of claim 3 wherein is of the fonnula: 




M12b 
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29. Hie compound of claim 28 wherein is of the fomiula: 



PCTAJS03/12901 




M12b 



30. The compound of claim 29 whearein is a carbocycle. 



3L The compound of claim 30 wherein is of the formula: 




M12b 



32. The compound of claim 31 whexein is phenyl. 



33. The compound of claim 28 wherein M12b is 1 . 
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34. The compound of claim 33 wherein A is of the formula: 

yla 




Y^"isOorS;and 
Y^isO,N(R^)QrS. 

35. The compound of claim 34 wh^in A^ is of the foimula: 

O 



R is independently H or alkyi of 1 to 18 caibon atoms; 
Y^isOorN(R*); and 
M12disl,2, 3,4, 5, 6, 7 or 8. 

37. The compound of claim 36 wherein is H. 

38. The compound of claim 36 wherein M12d is 1. 




andY^isOarN(R^). 
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39. The compound of claim 36 wherein is of the formula; 




whea:ein the phenyl carbocycle is substituted with 0 to 3 groups. 
40. The compound of claim 39 wherein is of the formula: 




41. The compound of claim 40 wherein A^ is of the formula: 
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42. A compound of claiin 3 wherein is of the fonnula: 




M12a 



43. A compound of claim 42 wherein is of the fonnula: 




Y^' is O or S; and 



is O, N(Ry) or S. 



44. A compound of claim 43 wherein R^ is of the formula: 

R2 




Y^' is O or S; and 
is O or NCR'). 



45. A compound of claim 44 whodn R' is of the fonmila: 

R2 
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46. A compound of claim 45 wherein is of the fonnula: 

R2 




R' 



47. The compound of claim 3 wherdB R* is of the fonnula: 





.Ry 



M12a 



48. The compound of claim 47 whoein is of the fonnula: 




49. Tlie compound of claim 3 wherein is of the fonnula: 




Ml 2a 



;and 



R" is of the fonnula: 




M12a 
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50. The compound of claim 49 wherein is of the foimula: 




M12a 



» 



Y^" is O or S; and 
Y^isO,N(R2)orS. 



10 



51 . The compound of claim 50 wherdn is of the foscmula: 




Y*' is O or S; 

Y^''isOorN(R^);and 

Y^isO,N(R>)orS. 



M12a 



52. TTie compound of claim 51 wherein is of the foimula: 



15 





Y'" is O or S; 
Y^^isOorNCR^); 
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Y^isOorN(R0;and 
M12d is 1, 2, 3, 4, 5, 6, 7 or 8. 



53. The compound of claim 52 wherein A is of the formula: 




M12d 



Y^isOorN(R^);and 
M12d is 1, 2, 3, 4, 5, 6, 7 or 8. 



10 



54. The compound of claim 53 wherein is of the formula: 




andY^isOorN(R0. 



55. The compound of claim 54 wherein A is of the formula: 

O 
II 



H H 
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56. The coiiq)Ound of claim 3 wherein is of the formula: 




57. The compound of claim 56 wherein is of the formula: 




9 



Y*" is O or S; and 
is O, N(R^) or S. 

58. The compound of claim 57 wheieiii is of the formula: 




9 



Y*' is O or S; 

Y* is O or N(R*); and 
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Y^isO,N(R0orS. 

59. The compound of claim 58 wherein is of the fonnula: 




5 

is independently H or alkyl of 1 to 18 carbon atoms; 
Y'* is O or S; 
Y^" is O or N(R^); 
Y^ is O or N(RO; and 
10 M12d is 1, 2, 3, 4, 5, 6, 7 or 8. 

60. The compound of claim 59 wherein is of the fomiula: 




» 



Y^ is O or N(R^); and 
15 M12d is 1, 2, 3, 4, 5, 6, 7 or 8. 

61 . The compound of claim 60 wherdn A^ is of die formula: 




andY^isOorNCR^). 
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62. The compound of claim 3 wherein is of the formula: 




Ml 2a 

M12b ;and 

is of the formula: 

Y1 




Ml 2b 



63. The compound of claim 62 wherein A' is of the fomiula: 




M12a ; and 



R' is of the fonnola: 
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M12a 1^1 



64. The compound of claim 63 wherein is of the formula: 




is of Ae fcmnula: 




M12a 



Y'* is O or S; and 
is O, N(R^) or S. 



65. The compound of claim 64 wherein A is of the formula: 




12a 



W^^ is a caibocycle independently substituted with 0 or 1 groups; 
A^ is of the formula: 
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2 



M12a 



Y'^isOorS; 

is O or N(R^); and 
Y^ is O, N(R^ or S. 

66. The con^und of claim 65 wherein A' is of the foimula: 




is a caibocycle indepradendy substituted with 0 or 1 R groups; 
is of the ftxrmula: 




M12d 

is independently H or alkyl of 1 tol8 carbon atoms; 
Y" is O or S; 
Y^isOorN(R^); 
Y** is O or NCR'); and 
M12d is 1, 2, 3. 4, 5, 6, 7 or 8. 
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67. The compound of claim 66 wherein is of the fomuda: 




Ml 2d 



Y^isOQrN(R0;and 
M12dis 1, 2, 3, 4, 5, 6, 7 or 8. 



2^. 



68. The compound of claim 66 wher^ is of the fomiula: 




and is O or N(R^); and 
M12d is 1, 2, 3, 4, 5, 6, 7 or 8. 



69. Hie compound of claim 3 wherein A^ is of the fonnula: 




M12b 



; and 



3 . 



A is of the formula: 
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71. The compound of claim 70 wherein A is of the formula: 




9 



Y'" is O or S; and 
is O, N(R^) or S. 

72. The compound of claim 71 wherein A' is of the formula: 




W * is a carbocycle independently substituted with 0 or 1 groups; 
is of the formula: 




Y*»isOorS; 
Y^isOorNCR^); and 
Y^" is O, N(R^ or S. 
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73. The compound of claim 72 wherein is of the fonnula: 



O. 




O 



wherein is independently H or alkyl of 1 to 18 carbon atoms; and the phenyl 
carbocycle is substituted with 0 to 3 groups. 



74. 



The compound of claim 70 wherein A' is of the formula: 





R2 r2 



W * is a carbocycle or heterocycle where W^" is indepoidendy substituted, with 0 or ] 
r2 groups; 

A is of the formula: 




is O or S; 

is O or N(R^); 
Y^isOorN(R0;and 
M12d is 1, 2, 3, 4, 5, 6, 7 or 8. 



75. A compound of claim 74 wherein Y^** is O and is phenyl 



76. A compound of claim 75 wherein A' is of the formula: 
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A compound of claim 75 wherein is of the formula: 




78. A compound of claim 74 wherein A^ is of the formula: 




Y^isOorNCR^); and 
M12disl, 2, 3,4, 5, 6, 7 or 8, 
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79. The compound of claim 3 wherein is of the formula: 




M12a 

M12b 



80. The compound of claim 79 wheiein is of the formula: 




Ml 2a 

Ml 2b 

8 1 . The compound of claim 80 wherein M12b is 1 . 

82. The compound of claim 80 where M12b is 0, is a bond and is a 
carbocycle or heterocycle where W is optionally and independently substituted with 1, 2, or 
3 groups. 

83. The compound of claim 80 wherein A^ is of the formula: 




and W is a caifoocycle or heterocycle where W is optionally and independently 
substituted with 1, 2, or 3 groups. 
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84. The compound of claim 83 wherein M12a is 1. 

85. The compound of claim 83 wherem is selected from phenyl, substituted 
ph^yl, benzyl, substituted benzyl, pyridyl and substituted pyridyL 

86. The compound of claim 3 wherein A is of the formula: 




M12b 



87. The compound of claim 86 wharein A is of the fonnula: 




Ml 2b 



88. The conq)Ound of claim 87 wherein M12b is 1. 



89. A Formida n compound of claim 5 having the formula: 
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90, A compound of claim 89 having the formula: 




91. A compound of claim 90 having the fomiula: 




92. A compound of the fomiula MBF. 



93. A compound of claim 92 having the fomiula: 



A2 




or 




94. The compound of claim 93 wherein A^ is selected from benzyl, substituted 
benzyl, heterocycle and substituted heterocycle. 
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95. A compound of claim 3 wherein is of the fonnula: 




is independently H or alkyl of 1 to 18 cail 
18; A^ is of the formula: 



atoms; and n is an integer from 1 to 




M12a 



and is O,N(R0orS. 



96. The compound of claim 95 wherein is H and n is 1. 



97. A compound of claim 91 having the formula: 




OCH3 



wherem Ri and R2 aie independently selected &om hydroxy, methoxy, ethoxy, 
ttifluoroethoxy, isopropoxy, phenoxy, benzyloxy, and O-pivaloyloxymethyl. 
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98. A compound of claim 91 having the formula: 




Ri "^Ra 



wherein Ri and R2 are independently selected from hydroxy, mefhoxy, ethoxy, 
trifluoroethoxy, isopropoxy, phenoxy, benzyloxy, and O-pivaloyloxymethyl. 

99. A compound of claim 91 having the foxmula: 




wherein Ri and R2 are independently selected from hydroxy, methoxy, ethoxy, 
trifluoroethoxy, isopropoxy, phenoxy, benzyloxy, and O-pivaloyloxymethyl. 

100. A compound of claim 91 having the formula: 




wherein Ri and R2 are independently selected from hydroxy, methoxy, ethoxy, 
trifluoroethoxy, isopropoxy, phenoxy, benzyloxy, and O-pivaloyloxymethyL 



-1684- 



wo 03/090690 



PCTAJS03/12901 



101. A compound of claim 91 having the fomiula: 




whmin Ri and R2 are independently selected from -NR where R is Ci-Ce alkyl or 
amino acid ester. 

102, The compound of claim 101 wheiein Ri and R2 are independently selected 
fix)m -NMe, -NEt, Gly-Et, Ala-Et, Aba-Et, Val-Et, Leu-Et, Phe-Bu, and Phe-Et. 

. 103. A compound of claim 91 having the formula: 




wherein Ri and R2 are independently selected from hydroxy, methoxy, ethoxy, 
tdfluoroethoxy, isopropoxy, phenoxy, benzyloxy, O-pivaloyloxymethyl, and a lactate ester. 
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104. The compound of claim 103 wherein Ri is hydroxy, metboxy, ethoxy, 
triJQuoroethoxy, isopropoxy, phenoxy, substituted phenoxy or benzyloxy; and R2 is Glc-Et, 
Lac-Me, Lac-Et, Lac-iPr, Lac-Bu» Lac-EtMor, Lac-Me, Lac-Et» Lac-Bn, Lac-Bn, Lac-OH, 
Lac-OH, Hba-Et, Hba-tBu, Hba-OH, MeBut-Et, or DiMePro-Me. 

105. A compound of claim 104 where the lactate ester is the (R) configuration. 

106. A compound of claim 104 where the lactate ester is the (S) configuration. 

107. A compound of claim 91 having the formula: 



wherein Ri is phenoxy, benzyloxy, ethoxy, tnfluoroethoxy, or hydroxyl; and R2 is an 
amino acid ester. 

108. The compound of claim 107 wherein the amino add ester is selected £rom 
Gly-Bu, Ala-Me, Ala-Et, Ala-iPr, (D)Ala-iPr, Ala-Bu, Aba-Et, Aba-Bu, and Ala-OR 
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109. A compound of claim 91 having the fonnula: 




CH2NHCH2CH2P-OR1 

OR2 



wherein Ri and R2 are independently selected fiom hydroxy, niethoxy, ethoxy, 
trifluoroethoxy, isopropoxy, phenoxy, benzyloxy, O-pivaloyloxymethyl, an amino acid ester 
. and a lactate ester. 

1 10. The compound of claim 109 wherein Ri is hydroxy, methoxy, ethoxy, 
trifluoroethoxy, isopropoxy, phenoxy, substituted phenoxy or benzyloxy; and R2 is a lactate 
ester selected from Glc-Et, Lac-Me, Lac-Et, Lac-iPr, Lac-Bu, Lac-EtMor, Lac-Me, Lac-Et, 
Lac-Bn, Lac-Bn, Lac-OH, Lac-OH, Hba-Et, Hba-tBu, Hba-OH. MeBut-Et, and DiMePro- 
Me. 

111. The compound of claim 109 whenrin Ri is hydroxy, methoxy, ethoxy, 
trifluoroethoxy, isopropoxy, phenoxy, substituted phenoxy or benzyloxy; and R2 is an amino 
add ester is selected from Gly-Bu, Ala-Me, Ala-Et, AlariPr, (D)Ala-iPr, Ala-Bu, Aba-Et, 
Aba-Bu, and Ala-OH. 

112. A compound of claim 5 having the formula: 




wherein A is selected from the formulas: 
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CHg-W^ 



CHg-NH-W^ 



o 

II 



R— Rl 



R2 



R2^ 



M12a R2 
O 

H 



R— Rl 



M12a R2 



CH2-W^O- 



r2* 



o 
II 

R — Rl 



R2* 

CHa-W^a-N— I C- 



M12a R2 



, and 



M12a R2 

Rl and R2 are independently selected from hydroxy, methoxy, ethoxy, trifluoroethoxy, 
isopropoxy, phenoxy, benzyloxy, O-pivaloyloxymethyl, an amino acid ester and a lactate 
ester; and 

is selected from the formulas: 



\_7 




, and 



•N 



113. A conqKmnd of claim 1 12 wherein A' is selected fh>m the fonnulas: 
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CH2-N 



O 
II 

N^P-OEt 
OEt 



-CH2-N^~Vo. 



O 
11 

P— OEt 

OEt 



-CH2-^N-CH2— 



O 
II 

P-OH 
I 

OH 



114. A CO] 



>ound of claiin 94 having the structuie: 
. 0 

A 

N 

H 

HO OH^^ 




NH2 



115. A compound of claim 1 14 having the stnictme: 




wherein the ortho, meta, or para caifoon of ftie phenyl ring is substituted witti A' 
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116. A campound of claim 115 wherein is of the f OEnnuIa: 




M12a 



1 17. A compound of claim 1 15 wherem A^ is of the fonnula: 




1 19. A compound of claim 1 18 wherein is O, is H. and is Ci~C6 alkyl. 
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120. A compound of claim 118 wheiein is of the fonnula 




and is O, NH, or MR'. 



121. A Fonnula Villa con^und of claim 3 having the structure: 

O 




122. A Fonnula VIQa conqpound of claim 3 having the structure: 
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123. A compound selected from the Formulas: 





/ H 

o n x = c,so o 



H % 



OH 

o o 




IV 



^ H 

V 



OH 




H 
N 



^ H 

^ v 



OH 




VI 



N' 
H 




vn 



hW'^nh 




(Y^)m2 




vnia 




X 

HN' ^NH 

\ 

fjH 

/ vnib 

X 

HN'''^^NH 




Vmc and 



Vnid; 



10 
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wherein Fonnulas I, n, HI, IV, V, VI. VII and Vllla-d are substituted with one or 
moie covalently attached Ai groups, and optionally substituted with one or more covalently 
attached A2 groups; 

Ai is -(X2-(C(R2)^2))ml-X3)ml-W3, wherein W3 is substituted with 1 to 3 A3 

5 groups; 

A2 is -(X2-(C(R2)(R2))ml-X3)nil-W3; 
A3 is -(X2-(C(R2)(R2))ml-X3W-P(Yl)(YiR6a)(YlR6a); 
X2 and X3 are independently a bond, -0-, -N(R2K -N(OR2K -N(N0R2)CR2)K -S-, 
-SO, or -S02-; 

10 each Yi is independently O, N(R2), N{OR2), or N(N0R2)(R2))» wherein each Yi is 

bound by two single bonds or one double bond; 

Rl is indepradently H or alkyl of 1 to 12 carbon atoms; 

R2 is independently H, R3 or R4 wherdn each R4 is independently substituted with 0 
to 3 R3 groups; 

15 R3 is independently F, Q, Br, I, -CN, N3, -NO2, -OR6a. -ORl» -N(Ri)2, 

-N(Ri)(R6b), -N(R6b)2, -SRl. -SR6a, -S(0)Ri, «S(0)2Rl. -S(0)ORi, -S(OPR6a, 
-S{0)20Ri, -S(0)20R6a, -C(0)ORi, -C(0)R6c, -C(0)0R6a, -OC(0)Rl, -N(RiXC(0)Ri), 
-N(R6b)(C(0)Ri), .N(Ri)(C(OX)Ri), -N(R6b)(C(0)0Rl), -C(0)N(Rl)2. 
-C(0)N(R6b)(Rl), -C(0)N(R6b)2, -C(NRiXN(Rl)2), -C(N(R6b))(N(Rl)2), 

20 -C(N(Ri))(N(Ri)(R6b)), -C(N(R6b))(N(Ri)(R6b)), -C(N(Ri))(N(R6b)2), 

-C(N(R6b))(N(R6b)2), -N(Ri)C(N(Ri))(N(Ri)2), -N(Ri)C(N(Ri))(N(Ri)(R6b)). 
-N(Ri)C(N(R6b))(N(Ri)2), -N(R6b)C(N(Ri))(NCRi)2). -N(R6b)C(N(R6b))(N(Rl)2), 
-N(R6b)C(N(Ri))(N(Ri)(R6b)). -N(Ri)C(N(R6b))(N(Rl)(R6b)), 

-N(RiX:(N(Rl))(N(R6b)2), -N(R6b)C(N(R6b))(N(Rl)(R6b)). -N(R6b)C(N(Ri))(N(R6b)2), 
25 -N(RiX:(N(R6b))(N(R6b)2). -N(R6b)C(N(R6b)XN(R6b)2), =0, =S, =N(Ri), =N(R6b) or 
W5; 

R4 is independently alkyl of 1 to 12 carbon atoms, alkenyl of 2 to 12 carbon atoms, or 

alkynyl of 2 to 12 carbon atoms; 

R5 is independently R4 wherein each R4 is substituted with 0 to 3 R3 groups; or R5 is 

30 independently alkylene of 1 to 12 carbon atoms, alkenylene of 2 to 12 carbon atoms, or 
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alkynylene of 2-12 carbon atoms any one of which alkylene, alkenylene or aBcynylene is 
substituted with 0-3 R3 groups; 

R6a is independently H or an ether- or ester-forming group; 

Rgb is independently H, a protecting group for amino or the residue of a carboxyl- 

5 containing compound; 

R6c is independently H or the residue of an amino-containing compound; 

W3 is W4 or W5; 

W4 is R5, -C(Yi)R5, -C(Yi)W5, -SO2R5, or -SO2W5; 

W5 is caibocycle or heterocycle wherein W5 is independently substituted with 0 to 3 
10 R2 groups; 

ml is independently an integer jBrom 0 to 12, wherein the sum of all mi's within each 
individual claim of Ai, A2 or A3 is 12 or less; 

m2 is independently an integer fiom 0 to 2; and 

indicates a site of covalent attachment of Ai or A2. 



15 



20 



124. The compound of claim 123 wherein: 

Ai is -(C(R2XR2))ral-W3, wherein W3 is substituted with 1 A3 group; 

A2 is -(C(R2)(R2))ml-W3; and 

A3 is -(C(R2)(R2))ml-P(Yl)(YiR6a)(YiR6a). 



125. The compound of claim 123 wherein W3 is W5, and W5 is selected from: 





*— N H 
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126. The compound of claim 125 wheran Ws is a pyridine heterocycle bonded to 
-C(R2)2- at the 2, 3, 4, 5 or 6 position. 



127. The conqiound of claim 125 wherein A3 has a fonnula selected fironu 




wherein ml is 1, 2, 3, 4, 5, 6, 7 or 8, and the phenyl carbocycle is substituted with 0 
to 3 R2 groups. 



10 



128. Hie compound of claim 125 wherein A3 has a fcnmula selected from: 
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129. The compound of claim 128 wherein A3 has a fonnula selected from: 




O 



130. A method of inhibiting the activity of HIV protease comprising the step of 
S contacting a sample suspected of containing HTV with a composition of claim 1 . 

131. The method of claim 130 wherein the HTV protease is in vivo. 

132. A method for the treatment or prevention of the symptoms or effects of HIV 
10 infection in an animal which comprises administering to said animal a formulation 

comprising a therapeutically elective amount of a compound according to claim 1. 

133. Hie method of claim 132 wherein the compound is formulated with a 
pharmaceudcally acceptable carder. 

134. Hie use of a compound of claim 1 to prepare a medicament for treatment of 

AIDS. 

135. The use of a compound of claim 3 to prepare a medicamrat for treatment of 

AIDS. 

136. The method of claim 1 33 wherein the formulation further comprises a second 
active ingredient selected from a nucleotide reverse transcriptase inhibitor, a non-nucleoside 
reverse transcriptase inhibitor, an HTV protease inhibitor, and an HTV integrase inhibitor. 

25 



15 



20 
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137. A process for preparing a compound of claim 1 wherein a compound 
comprising or a precursor to A^ is reacted with an HIV protease inhibitor compound 
wherein the HIV protease inhibitor compound does not have a phosphonate group, whereby a 
compound of claim 1 is formed. 

5 

138. In an HTV protease inhibitor, the improvemrat coiriprising a substituent 
having a phosphonate or phosphonate prodrug. 

139. TTie improved HIV protease inhibitor compound of claim 138 selected ixom: 
10 a Saquinavir-like phosphonate protease inhibitor compound, 

a Lopinavir-like phosphonate protease inhibitor compound, 

a Ritonavir-Iike phosphonate protease inhibitor compound, 

a Ihdinavir-like phosphonate protease inhibitor compound, 

a Atazanavir-like phosphonate protease inhibitor compound, 
15 a Nelfinavir-Iike phosphonate protease inhibitor coirq)ound, 

a Tipranavir-like phosphonate protease inhibitor compound, 

a Amprenavir-like phosphonate protease inhibitor compound, 

a KNI-like phosphonate protease inhibitor compound, and 

a Cyclic Carbonyl-like phosphonate protease inhibitor compound; 
20 and pharmaceutically acceptable salts, hydrates, and formulations thereof. 
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140. The improved HIV protease inhibitor compound of claim 138 of the Formulas: 
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Vmd; 



wherein: 

is A\ or with the proviso that the cbmpotmd includes at least one A' ; 
A* is: 



A^is: 



A' is: 




M12b ; 

is independently O, S, N(R*), N(0)(R*), N(OR*), N(0)(OR''), or N(N(R»)( R*)); 
is independently a bond, O, NCR"), N(0)(R''). N(OR''), N(0)(OR^), NCNCR^'X R^), 

-S(0)m2-, or-S(0)M2-S(0)M2-; 

R* is indepradently H, R', W^, a protecting group, or the formula: 
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10 



15 



20 



25 





Mia 

r3 T»2 



M12c 



MIc 



Mid 



is independently H, W , R or a protecting group; 
R^ is independently H or an alkyl of 1 to 18 caibon atoms; 

R^ is independently H, R^, R^ or R"* wherein each R"* is independently substituted with 
0 to 3 R^ groups, or taken together at a carbon atom, two R^ groups form a ring of 3 to 8 
carbons and the ring may be substituted with 0 to 3 R^ groups; 

R^ is B?^ or R^^, provided that when R^ is bound to a heteroatom, then R^ is 

R^orR^*^; 

R'* is F, CI, Br, I, -CN, N3 or -NO2; 

R* is 

R^ is -R\ -N(R'')(R% -SR^ -S(0)R^ -S(0)2R\ -S(0)(OR''), -S(0)2(0R*), 
-OC(Y*)R^ -OC(Y')OR\ -OCCY*)(N(R'')(R'')), -SC(Y')R^ -SC(Y*)OR", 
-SC(Y')(N(R'')CR'')), -N(R'')C(Y*)R^ -N(R'')C(Y')0R\ or -N(R'')C(Y')(N(R'')(R'')) ; 

R^ is -C(y^)R', -C(Y*)0R' or -C(Y')(N(R^)(R*)); 

R* is an alkyl of 1 to 18 carbon atoms, alkenyl of 2 to 18 carbon atoms, or alkynyl of 
2 to 18 carbon atoms; 

R^ is R"^ wherein each R"* is substituted with 0 to 3 R^ groups; 
W^isW^orW^ 

is R^, -C(Y^)R^ -C(Y^)W^ -SO^R^ or -SO^W^ 

is carbocycle or heterocycle wherein is independently substituted with 0 to 3 

R^ groups; 

is independently substituted with 1, 2, or 3 groups; 
W is a heterocycle bonded throu^ a nitrogen atom of said heterocycle and 
independently substituted with 0, 1 or 2 groups; 
M2is 0, 1 or 2; 

M12a is 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12; 
M12b is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12; 
Mia, MIc, and Mid are independently 0 or 1; and 
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141. The improved HTV protease inhibitor compound of claim 140 of the Formulas: 
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142. Hie improved HTV protease inhibitor compound of claim 140 of the Formulas 








Y 



H OH 
O A2 



o 




143. The improved HTV protease inhibitor compoimd of claim 140 of the Formulas: 
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144. Hie improved HIV protease inhibitor compoond of claim 140 of the Formulas: 




I and .» 
OH H A2 




145. The improved HTV protease inMbitor compound of claim 140 of the Fonnulas: 





H OH 
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146. Ihe improved HTV protease inhibitor compound of claim 140 of the Formulas: 




and 

147. The improved HIV protease inhibitor compound of claim 140 of the Formulas: 
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148. The improved HTV protease inhibitor compound of claim 140 of the Formulas: 

R'^'2V2R'' and R'^^ y2rx 



149. The improved HIV protease inhibitor compound of claim 140 of the Formulas: 



A^. 



rxy2 y2rx 






pjXya Y2px and fffyZ yZf^X 
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150. The improved HIV piotease inhibitor compound of claim 140 of the Formulas: 




a2 C^'Ha 



and 




151. The iiiq)ioved HTV piotease inhihitor compound of claim 140 of the Fdnnulas: 




and 
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152. In an HIV protease inhibitor not containing a phosphonate or phosphonate 
prodrug, the improvement comprising a substituent having a phosphonate or phosphonate 
prodrag. 

153. The improved HIV protease inhibitor compound of claim 152 selected fiom: 
a Saquinavir-like phosphonate protease mhibitor compound, 

a Lopinayu:-like phosphonate protease inhibitor compound, 
a Ritonavir-Iike phosphonate protease inhibitor con5)ound, 
a Indinavk-like phosphonate protease inhibitor compound, 
a Atazanavir-like phosphonate protease inhibitor compound, 
a Nelfinavir-lifce phosphonate protease mhibitor compound, 
a Tipranavir-like phosphonate protease mhibitor compound, 
a Amprenavir-like phosphonate protease inhibitor compound, 
a KNI-like phosphonate protease inhibitor compound, and 
a Cyclic Carbonyl-like phosphonate protease mhibitor compound; 
and pharmaceutically acceptable salts, hydrates, and formulations thereof. 
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154. Ihe improved HIV protease iiUubitor compoond of claim 152 .of theFomiuIas: 

A" H H 0R3 A» 





A" 



A" X=QSO 
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wherein: 

0 ._ A 1 A 2 Ttr3 



A is A , A or W with the proviso that the compound includes at least one A^; 

a1 • 

A is: 




-I M12b 



10 



A^is: 



A^is: 




J Ml 2b 




15 



M12b 

» 

Y' is independently O, S, N(0)(R"), NCOR"), N(0)(OR*), or N(N(R'')( R")); 

is independently a bond, O, N(R''), NCO)^"), N(OR''), NCOXOR"), NCNCR'^K R")), 
•S(0)m2-, or -S(0)m2-S(0)m2-; 

R" is independently H, R', W^, a protecting group, or the foimula: 
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M1a 

r3 r>2 



M12c 



MIc 



Mid 



is independently H. W , R^ or a protecting group; 
R^ is independently H or an alkyi of 1 to 18 caibon atoms; 

R^ is independently H, R^ R^ or R"* wherein each R"^ is independently substituted with 
0 to 3 R^ groups, or taken together at a carbon atom, two R^ groups form a ring of 3 to 8 
carbons and the ring may be substituted with 0 to 3 R^ groups; 

R^ is R^, R^^ R^ or R^, provided that when R^ is bound to a heteroatom, then R^ is 
R^^orR^; 

R^* is F, CI, Br, I, -CN, N3 or -NO2; 
R^^ is Y*; 

R^^ is -R\ -NCR'^XR^), -SR^ -S(0)R% «S(0)2R% -S(0)(OR^), -S(0)2(0R^), 
-OC(Y')R^ -CX;(Y*X)R\ -OC(Y')(N(R")(R^)), ^C(Y')R^ -SC(Y^)OR^ 
-SC(Y^)(N(R*)(R^)), .N(R*)C(Y^)R\ -N(R^)C(Y')0R\ or -N(R*)C(Y^)(N(R^)(R^)) ; 

R^^ is -C(Y^)R^ -C(Y')0R* or -C(Y*)(N(R^)(R^)); 

R'* is an alkyl of 1 to 18 carbon atoms, alkenyl of 2 to 18 caibon atoms, or alkynyl of 
2 to 18 carbon atoms; . 

R^ is R* wherein each R"* is substituted with 0 to 3 R^ groups; 
W^isW^orW^; 

is R^ -C(Y*)R^ .C(Y*)W^ -S02R^ or -SO^W^ 

is carbocycle or heterocycle wherein is independently substituted with 0 to 3 

R^ groups; 

is independently substituted with 1, 2, or 3 groups; 
W is a heterocycle bonded through a nitrogen atom of said heterocycle and 
independently substituted with 0, 1 or 2 groups; 
M2is0, 1 or 2; 

M12a is 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1 or 12; 
M12b is 0, 1, 2, 3. 4, 5, 6, 7, 8, 9, 10, 11 or 12; 
Mia, MIc, and Mid are independently 0 or 1; and 
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M12c is 0. 1, 2, 3. 4, 5, 6, 7, 8, 9, 10, 1 1 or 12. 

155. The unproved HIV protease inhibitor conq>ound of claim 154 of the Formulas: 
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156. The improved HIV protease inhibitor compound of claim 154 of the Fbnnulas: 










/and 




157. The improved HIV protease inhibitor con^und of claim 154 of the Rjnnulas: 
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158. The improved HTV protease inhibitor compound of claim 154 of the Formulas: 




and 




159. ITie improved HIV protease inhiWtar compound of claim 154 of die Formulas: 
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160. The improved HIV protease inhibitor compound of claim 154 of the Fonnulas: 




and 



161. The in^roved HIV protease inhibitor compoimd of claim 154 of the Formulas: 
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162. The improved HTV protease inhibitor compound of claim 154 of the Fonnulas: 




rxy2 y^r'' and R'^^ Y^R" 




163. The improved HIV protease inhibitor conqiound of claim 154 of the Formulas: 





yl yl 
R*y2 y2RX and RXy2 \2p^x 



-1719- 



wo 03/090690 



PCTAJS03/12901 



164. The improved HTV protease inhibitor compound of claim 154 of the Fonnulas: 

(Y^)M2 




and A 




165. 



The improved HIV protease inhibitor compound of claim 154 of the Formulas- 




and 
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166. AnMBFcampoimdofTablelOO. 



167. A compound described herein. 



0 



168. A compound of Qaim 167 described in the schemes or examples. 

169. A method of makmg a compound described herein. 

170. A method of Qaim 169 described in the schemes or examples. 

171 . The use of a compound described here for treatment of HIV in humans. 

172. The method of Qaim 171 wherein the compound is described in the schemes 
examples. 

5 

173 The use of a compound described here in the manufacture of a medicament 



or 



174. The use of Qaim 173 wherein the compound is described in the schemes 
exanq>les. 



175. An HIV protease inhibitor compound enable of accumulating in human 
PBMCs. 



or 



176. The compound of Oaim 175 further comprising a phosponate or phosphonate 
piodmg. 



177. The compound of Qaim 176 wherein the phosphonate or phosphonate prodrag 
are of the formula A^ 



A^is: 
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Ml 2b 



Y' is independently O, S, N(R*), N(0)(R"), N(OR*), N(0)(OR"), or N(N(R')( R^)); 

is independenUy a bond. O, N(R"). N(0)(R^), N(OR*), N(0)(OR"), NCNCR^X R'')), 
-S(0)m2-, or -S(O)m2-S(0)m2-; 

R* is independently H, R\ W^ a protecting group, or tiie fonnula: 





M1a 

t3 t^2 



M12c 

R^ is independently H, W^ R^ or a protecting group; 
R is independently H or an allsyl of 1 to 18 cartx>n atoms; 

R^ is independently H, R', R^ or R* wherein each R" is independently substituted with 
0 to 3 R' groups; 

R' is R^, B?\ R^ or R**, provided that when R^ is bound to a heteroatom, then R^ is 
R^'^orR^; 

R** is F, a, Br, I, -CN, N3 or -NO2; 
R^isY*; 

R^ is -R^ -N(R'')(R''), -SR\ -S(0)R^ -S(0)2R^ -S(0)(OR''). -S(0)2(0R''), 
-OC(Y')R\ -OC(Y'X>R", -OC(Y»)(N(R^)(R'')), -SC(Y')R\ -SC(Y'X)R\ 
-SC(Y')(N(R W)), -N(R'^)C(Y•)R^ -N(R=')C(Y»X)R'. or -N(R=')C(Y^)(N(R W)) ; 

R^ is -CCY'm -C(Y')OR' or -C(Y')(N(R'')(R'')); 

R* is an alkyl of 1 to 18 carbon atoms, alkenyl of 2 to 18 carbon atoms, or alkynyl of 
2 to 18 carbon atoms; 

R is R* wherein each R* is substituted wifli 0 to 3 R' groups; 
W^isW^orW^ 

is R^ -C(Y')R^ -C(Y•)W^ SO^R^ or -SO^W^ 
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is carbocycle or heterocycle wherein is independently substituted witb 0 to 3 

groups; 

M2is0, lor2; 

M12a is 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1 or 12; 
M12b is 0, 1, 2, 3, 4, 5, 6, 7. 8, 9, 10, 1 1 or 12; 
Mia, Mlc, and Mid aie independently 0 or 1; and 
M12c is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12. 

178. The compound of Claim 177 wherein the intracellular half-life of the 
compound or an intracellular metabolite of the compound in human PBMCs is 
improved when compared to an analog of the compound not having the 
phosphonate or phosphonate prodrug. 

179. The compound of Claim 178 wherein the half-life is improved by at least 
about 50%. 

1 80. The compound of Claim 178 wherein the half-life is improved by at least 
about 100%. 

181. The compound of Claim 178 wherein the intracellular half-life of a metabolite 
of the compound in human PBMCs is improved when compared to an analog of the 
compound not having the phosphonate or phosphonate prodrug. 

182. The compound of Claim 181 wherein the half-life is improved by at least 
about 50%. 



183. The compound of Claim 181 wherein the half-life is improved by at least 
about 100%. 

184. The compoimd of Claim 181 vs^herein the half-life is improved by 
greater than 100%. 

185. Use of a compoimd of ttie invention for the treatment of HIV infection. 
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186. Use of a compoimd of the invention in the manufacture of a 
medicament. 

187. Use of a compoimd of the invention in the manufacture of a medicament 
for flie treatment of disorders affecting white blood cells. 

188. Method of treating a disorder affecting white blood cells, comprising: 
administering a compound of the invention to a patient in need of white- 
blood-cell targeting. 

189. Method of targeting a compoimd to white blood cells, comprising: 
selecting a conq>oimd having a desired pharmaceutical activity and having a 

first structure; 

modifying said first structure by replacing one or more atom of said first structure 
with an organic substituent comprising a phosphonate group or incipient 
phosphonate group to provide a compound having a second structure. 

190. A method of manufacturing a non-nucleoside compoimd having boih 
selectivity for white blood cells and a desired pharmaceutical activity, comprising: 
chemically syntihesizing a first molecule having a first structure containing a 
phosphonate or incipient phosphonate group, wherein said first structure differs 
from a second structure of a compound known to have said desired pharmaceutical 
activity by having at least one hydrogen atom of said second structure replaced by 
an organic substituent comprising a phosphonate group or incipient phosphonate 
group. 

191. The method of daim 190, wherein said first molecule is synthesized by a 
series of chemical reactions in which a hydrogen of said second structure is replaced 
by said organic substituent. 

192. The method of claim 190, wherein said first molecule is synthesized by a 
series of chemical reactions that never includes a molecule of said second structure. 

193. Method of accumulating an HIV protease inhibitor inside a white blood 
cell, comprising: 

administering to a sample a composition comprising a compoimd of the 
invention. 

194. The method of Qaim 193 wherein said sample is a patient 

195. The method of daim 193, wherein said compound of the invention has a 
chemical structure A-B, wherein (a) a compoimd having structure A-H has HTV 
protease inhibitor activity and (b) substructure B comprises a phosphonate group or 
indpient phosphonate group. 
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196. Method of increasing half-life of a non-nudeoside compound having 
anti-retroviral activiiy, comprising: 

replacing at least one hydrogen atom or organic radical of said compound by 
an organic substituent comprising a phosphonate group or incipient phosphonate. 
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197. Method pf designing a dmg having spedfidty for wW^^ 
synthesis, comprising: 

obtaining a first list of first coinpounds having a desired activity; 

creating a second list of second conq>ounds/each of said second 'compounds 
having a structure in which at least one hydrogen atom or organic radical of a 

compound of said first list has been replaced by an organic substituent comprising a 
phosphonate group or incipient phosphonate group; and & 

selecting a synthetic pathway capable of producing some or all of said second 
compounds from available starting materials, thereby providing a third list of 
compounds and associated synthetic techniques. 

198. Method of manufacturing a pharmaceutical composition havine said 
spedfidty of claim 197, comprising: 

synthesizing a compound selected from said third list using said associated 
synthetic technique; and 



earner. 



admixing said synthesized compound with a pharmaceutically acceptabli 



199. A composition produced by the medu>d of daim 198. 

* 1. producing a pharmaceutical composition having spedfidtv 

for white blood cells, coirq>rising: f> f '■y 

admbdng a therapeutically effective amount of a compound of the invention 
witti a pharmaceutically acceptable earner. 
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